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ABSTRACT 

This  r e p o r t  p r e s e n t s  th.e f l i g h t  t e s t  p l a n  f o r  t h e  S a t u r n  

S-IVB-502 s t a g e  which i s  t h e  t h i r d  s t a g e  of  t h e  AS-502 

space v e h i c l e ,  

o b j e c t i v e s  are d e f i n e d  and i n c l u d e  c r i t e r i a  f o r  t h e i r  

e v a l u a t i o n .  Inc luded  i n  t h i s  t es t  p l a n  are Douglas 

S-IVB s t a g e  performance and miss ion  

A i r c r a f t  Company r e s p o n s i b i l i t i e s  and suppor t  a c t i v i t i e s  

as r e q u i r e d  under NASA C o n t r a c t  NAS7-101. 

DESCRIPTORS 

Sequence of Events AS-502 Mission 

SA-502 Launch Vehic le  S-LVB-502 S tage  Configurat ion 

S-IVB-502 Stage  S-IVB-502 Stage  P r e d i c t e d  
F l i g h t  Performance 

S-IVB-502 Stage  Mass 
C h a r a c t e r i s  t i cs  

5-2 Engine 
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PREFACE 

The purpose of t h i s  r e p o r t  is  t o  p rov ide  a f l i g h t  test  

p l a n  f o r  t h e  Sa tu rn  S-IVB-502 s t a g e .  I n  gene ra l ,  i t  

provides  informat ion  and d i r e c t i o n  t o  Douglas personnel  

a t  Huntington Beach Missile and Space Systems Div i s ion ,  

F l o r i d a  Test Center ,  and Marsha l l  Space F l i g h t  Center .  

Included i n  t h i s  r e p o r t  are d e t a i l e d  d e s c r i p t i o n s  of 

t h e  fo l lowing:  AS-502 v e h i c l e  miss ion  and o b j e c t i v e s ,  

S-IVB-502 s t a g e  c o n f i g u r a t i o n  and o b j e c t i v e s ,  r e d l i n e s  

and launch miss ion  r u l e s ,  sequence of e v e n t s ,  and mass 

c h a r a c t e r i s t i c s .  The p ropu l s ion  system performance 

p r e d i c t i o n s  p re sen ted  are i n  accordance wi th  r equ i r e -  

ments noted i n  NASA/MSFC Con t rac t  Let ter  I-V-S-IVB-TD-66-45, 

da t ed  7 J u l y  1966. 

This  r e p o r t ,  prepared under Na t iona l  Aeronaut ics  and 

Space Admin i s t r a t ion  Con t rac t  NAS7-101, i s  i s sued  i n  

accordance w i t h  t h e  c o n t r a c t u a l  requi rements  of NAS7-101 

Contract Data Requirements, Saturn S-IVB Stage and GSE, 

MSFC-DRL-021, dated  1 5  September 1966. 
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1. INTRODUCTION 

This document d e l i n e a t e s  t h e  requirements  and r e s p o n s i b i l i t i e s  of  the 

Douglas Aircraft Company i n  suppor t  of t h e  S-IVB-502 s t a g e  f l i g h t  test .  

The f l i g h t  test, as de f ined  i n  t h i s  test p l a n ,  w i l l  be l i m i t e d  t o  the 

S-IVB s t a g e  c o n t r i b u t i o n  toward t h e  accomplishment of t h e  AS-502 f l i g h t  

miss ion  and S-IVB s t a g e  performance v e r i f i c a t i o n  as t h e  t h i r d  s t a g e  of 

t h e  SA-502 launch v e h i c l e .  

1.1 General 

Th i s  document p rov ides  informat ion  and d i r e c t i o n  t o  Douglas personnel  

compris ing the  Sa tu rn  S-IVB T e s t  Planning and Evalua t ion  Committees a t  

t h e  Missile and Space Systems Div i s ion  (MSSD) Huntington Beach, 

C a l i f o r n i a ,  F l o r i d a  T e s t  Center  (FTC), and t h e  l i a i s o n  team a t  Marshal l  

Space F l i g h t  Center ,  H u n t s v i l l e ,  Alabama. 

De ta i l ed  d e s c r i p t i o n s  of t h e  fo l lowing  are inc luded:  

a. Launch v e h i c l e  o b j e c t i v e s  

b. S-IVB s t a g e  o b j e c t i v e s  

C. S-IVB s t a g e  c o n f i g u r a t i o n  

d. S-IVB s t a g e  r e d l i n e s  and launch miss ion  r u l e s  

e. S-IVB s t a g e  f l i g h t  test management, communication and 

document a t  i o n  

1.2 Background 

The S-IVB-502 s t a g e  w a s  assembled a t  MSSD where product ion  t e s t i n g  of 

components and systems w a s  accomplished. The s t a g e  was then  t r a n s p o r t e d  

t o  t h e  Sacramento T e s t  Center  (STC), where t h e  acceptance  f i r i n g  w a s  

conducted. Pre l iminary  tescs c o n s i s t e d  of manual and au tomat ic  subsystem 

checkouts ,  i n t e g r a t e d  system tests, a s imula ted  acceptance  f i r i n g ,  and an 

au tomat ic  p r o p e l l a n t  l oad ing  test .  Following t h e s e  p re l imina ry  tests, 

t h e  s t a g e  underwent an au tomat ic  acceptance  f i r i n g  which inc luded  a f i r s t  

b u m ,  a s imula ted  c o a s t  pe r iod ,  and a second burn. P o s t f i r i n g  checkout 

inc luded  manual l e a k  checks,  f u n c t i o n a l  tests, and an A l l  Systems T e s t .  
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The s t a g e  w a s  t hen  shipped t o  Kennedy Space Center  (KSC), i n s t a l l e d  i n  

t h e  low bay of t h e  Vehic le  Assembly Bui ld ing  and sub jec t ed  t o  p o s t  

t r a n s p o r t a t i o n  r e c e i v i n g  i n s p e c t i o n s .  

i n t e r s t a g e ,  t h e  s t a g e  w a s  t r a n s f e r r e d  t o  t h e  h igh  bay and mated t o  t h e  

SA-502 launch v e h i c l e .  

of t h e  S-IVB-502 s t a g e .  

A f t e r  i n s t a l l a t i o n  of t h e  a f t  

F igu re  1-1 p r e s e n t s  a checkout and test  h i s t o r y  

The c o s t  p l u s  i n c e n t i v e  f e e  CCPIF) t e c h n i c a l  performance c r i t e r i a  had 

been inc luded  i n  former releases of f l i g h t  t es t  p l a n s .  With t h e  

e f f e c t i v i t y  of t h i s  S-IVB-502 Stage  F l i g h t  Test P lan ,  t h e  t e c h n i c a l  

performance c r i t e r i a  w i l l  no longer  be  included b u t  w i l l  be  r e l e a s e d  

i n  t h e  Technica l  Performance Cri ter ia  Document. 
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SECTION 2 a 
MISSION 



2. MIS S ION 

The AS-502 i s  t h e  second S a t u r n  V f l i g h t  v e h i c l e  a l l o c a t e d  f o r  launch 

v e h i c l e  and s p a c e c r a f t  development and q u a l i f i c a t i o n .  This  s e c t i o n  

d e l i n e a t e s  t h e  o b j e c t i v e s  of t h e  v e h i c l e  as a whole. S e c t i o n  3 

d e s c r i b e s  t h e  o b j e c t i v e s  of t h e  S-IVB-502 s t a g e .  F igure  2-1 p r e s e n t s  

t h e  launch c o n f i g u r a t i o n  of t h e  AS-502 Space Vehicle and Figure  2-2 

p r e s e n t s  t h e  AS-502 ground trace. 

2 .1  Mission Ob jec t ives  

Douglas A i r c r a f t  Company (DAC) cons ide r s  t h e  "SA-502 Launch Vehicle 
Mission Directive" ( r e f e r e n c e  1) as the  o f f i c i a l  document f o r  p rov id ing  

i d e n t i f i c a t i o n  and c o n t r o l  of t h e  launch v e h i c l e  miss ion  requi rements .  

The "ApoZZo Flight Mission Assigments" document ( r e f e r e n c e  2) and t h e  

"Program Support Requirements" document ( r e f e r e n c e  3)  a l s o  d e f i n e  miss ion  

o b j e c t i v e s  and can be r e f e r r e d  t o  f o r  supplemental  in format ion .  The 

miss ion  d i r e c t i v e  s ta tes  t h a t  "primary o b j e c t i v e s  are those  which are 

mandatory and t h e r e f o r e ,  mal func t ions  of launch v e h i c l e  systems, ground 

equipment o r  i n s t r u m e n t a t i o n  which would r e s u l t  i n  f a i l u r e  t o  achieve  

those  o b j e c t i v e s  w i l l  be cause t o  hold  o r  cance l  t h e  miss ion  u n t i l  t h e  

mal func t ion  has  been e l imina ted . "  According t o  t h e  miss ion  d i r e c t i v e ,  

t h e  primary o b j e c t i v e s  are: 

11 a. Demonstrate s t r u c t u r a l  and thermal  i n t e g r i t y  of launch v e h i c l e  

throughout powered and c o a s t i n g  f l i g h t ,  and determine i n f l i g h t  

s t r u c t u r a l  loads  and dynamic c h a r a c t e r i s t i c s .  

b. "Determine i n f l i g h t  launch v e h i c l e  i n t e r n a l  environment. 

I 1  c. Ver i fy  pre launch  and launch suppor t  equipment c o m p a t i b i l i t y  

w i t h  launch v e h i c l e  and s p a c e c r a f t  systems. 

I 1  d. Demonstrate t h e  S-IC S tage  p ropu l s ion  system, and determine 

i n f l i g h t  system performance parameters .  

I 1  e. Demonstrate t h e  .S-II  S t age  p ropu l s ion  system, i n c l u d i n g  

programmed mixture  r a t i o  s h i f t  and t h e  p r o p e l l a n t  management 

system and de termine  i n f  l i g h t  performance parameters .  
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f .  "Demonstrate t h e  S-IVB S tage  p r o p u l s i o n  system i n c l u d i n g  t h e  

p r o p e l l a n t  management systems, and determine i n f l i g h t  system 

performance parameters .  

g. "Demonstrate t h e  launch v e h i c l e  guidance and c o n t r o l  system 

d u r i n g  S-IC,  S-11, and S-IVB powered f l i g h t ,  achieve guidance 

c u t o f f  and e v a l u a t e  system accuracy.  

h. 

i. Demonstrate S-II/S-IVB s e p a r a t i o n .  

"Demonstrate S-IC/S-I1 d u a l  p l a n e  s e p a r a t i o n .  

I I  

j . "Demonstrate launch v e h i c l e  sequencing sys  t e m .  

k. "Demonstrate c o m p a t i b i l i t y  of t h e  launch v e h i c l e  and s p a c e c r a f t .  

1. "Evaluate  performance of t h e  emergency d e t e c t i o n  system (EDS) 

i n  a closed-loop c o n f i g u r a t i o n .  

m. "Demonstrate t h e  c a p a b i l i t y  of t h e  S-IVB a u x i l i a r y  p r o p u l s i o n  

s y s  t e m  dur ing  S-IVB powered f l i g h t  and o r b i t a l  c o a s t  p e r i o d s  

t o  main ta in  a t t i t u d e  c o n t r o l  and perform r e q u i r e d  maneuvers. 

n.  "Demonstrate t h e  adequacy of t h e  S-IVB cont inuous vent  system 

w h i l e  i n  e a r t h  o r b i t .  

0. "Demonstrate t h e  S-IVB Stage  res ta r t  c a p a b i l i t y .  

p. "Demonstrate t h e  miss ion  suppor t  c a p a b i l i t y  r e q u i r e d  f o r  launch 

and mission o p e r a t i o n s  t o  high p o s t - i n j e c t i o n  a l t i t u d e s . "  

Secondary o b j e c t i v e s  as d e f i n e d  i n  t h e  miss ion  d i r e c t i v e  "are those  which 

are d e s i r a b l e  b u t  n o t  mandatory. Malfunct ions which may r e s u l t  i n  

f a i l u r e  t o  a t t a i n  t h e s e  o b j e c t i v e s  may be  cause t o  h o l d  o r  c a n c e l  t h e  

miss ion  as i n d i c a t e d  i n  t h e  miss ion  r u l e s . "  The secondary o b j e c t i v e s  

which are l i s t e d  i n  t h e  mission d i r e c t i v e  a r e  as fo l lows:  

I I  a. Determine launch v e h i c l e  powered f l i g h t  e x t e r n a l  environment. 

b. "Determine a t t e n u a t i o n  e f f e c t s  of  exhaust  f lames on RF 

r a d i a t i n g  and r e c e i v i n g  systems dur ing  main engine ,  r e t r o  and 

. u l l a g e  motor f i r i n g s . "  
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2.2 Mission Desc r ip t ion  

2.2.1 Launch Phase 

This  phase of t h e  launch v e h i c l e  t r a j e c t o r y  i s  i n i t i a t e d  a t  guidance 

r e f e r e n c e  release, which occurs  16.7 sec p r i o r  t o  f i r s t  motion. The 

e s t ab l i shmen t  of l i f t o f f  (Time Base one [Tl]) i s  0..3 s e c  a f t e r  f i r s t  

motion. 

The Sa tu rn  AS-502 v e h i c l e  w i l l  b e  launched from Complex 39, Pad A,  of 

t h e  Kennedy Space Center  (KSC) a long  an azimuth of 90 deg east of no r th .  

The v e h i c l e  w i l l  r ise v e r t i c a l l y  and a f t e r  c l e a r i n g  the tower a t  

T 

f l i g h t  azimuth. The maximum dynamic p r e s s u r e  w i l l  occur  77.3 s e c  from 

f i r s t  motion. 

+10.7 sec w i l l  execute  a 7 deg p i t c h  and a r o l l  maneuver t o  t h e  72 deg 1 

Terminat ion of S-IC Stage  powered f l i g h t  w i l l  o r i g i n a t e  w i t h  c e n t e r  

engine  cu to f f  (CECO) and s tar t  t i m e  base  two (T2) a t  T1 +143.5 sec. 

Outboard engine  c u t o f f  (OECO) (T3) w i l l  occur  4.8 sec a f t e r  CECO and w i l l  

b e  i n i t i a t e d  by e i t h e r  t h e  LOX o r  the  RP-1 d e p l e t i o n  s e n s o r  a c t u a t i o n .  

Between S-IC OECO s i g n a l  and t h e  S-I1 engines  reaching  90 p e r c e n t  t h r u s t  

level, S-IC/S-I1 s e p a r a t i o n  occurs ;  r e t r o r o c k e t s  f o r c e  t h e  S-IC s t a g e  

away from t h e  f l i g h t  v e h i c l e ,  and u l l a g e  r o c k e t s  are f i r e d  t o  s e t t l e  t h e  

S-I1 s t a g e  p r o p e l l a n t .  The S-I1 a f t  i n t e r s t a g e  i s  j e t t i s o n e d  a t  

T3 +30.7 sec, and 5.7 sec l a t e r ,  the  launch escape tower (LET) i s  

j e t t i s o n e d .  The i t e ra t ive  guidance mode (IGM) i s  i n i t i a t e d  a t  

T +42 sec and i s  used cont inuous ly  t o  a t t a i n  the  d e s i r e d  ear th-park ing  

o r b i t  except  du r ing  the  t i m e  of S-II/S-IVB s e p a r a t i o n .  

mix ture  r a t i o  s h i f t  w i l l  occur  250 sec a f t e r  S - I 1  90 p e r c e n t  t h r u s t  

level. 
i n i t i a t e  t i m e  base  f o u r  (T4).  

During t h e  p e r i o d  (6.4 sec )  from S - I 1  cu to f f  t o  t h e  a t t a inmen t  of S-IVB 

s t a g e  90 p e r c e n t  t h r u s t  l e v e l ,  S-II/S-IVB s e p a r a t i o n  occurs ,  r e t r o r o c k e t s  

f o r c e  t h e  S-I1 s t a g e  away from t h e  space  v e h i c l e ,  and u l l a g e  rocke t s  are 

f i r e d  t o  se t t le  the S-IVB s t a g e  p r o p e l l a n t .  

engine  s t a r t  command (ESC) t h e  guidance computer commands are f rozen  t o  

minimize t h e  s e p a r a t i o n  t r a n s i e n t s .  

3 
A programmed 

The S- I I  engine  c u t o f f  commands w i l l  occur  a t  T1 +516 sec and 

Between T4 +O and S-IVB 
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F i g u r e s  2-3 through 2-10 p r e s e n t  t r a j e c t o r y  d a t a  p e r t i n e n t  t o  t h e  S-IVB 

launch phase.  Table  2-1 is  a p r e c i s  of t h e  f l i g h t  m a s s  summary 

presented  i n  appendix 2. 

t i o n s  a t  s i g n i f i c a n t  launch  phase f l i g h t  t i m e s .  The I G M  f o r  S-IVB i s  

used u n t i l  approximately 8 sec p r i o r  t o  S-IVB c u t o f f ,  a t  which t i m e  t h e  

guidance commands are f r o z e n  f o r  S-IVB c u t o f f .  The S-IVB engine c u t o f f  

command i s  scheduled t o  occur  a t  T +645.9 sec and w i l l  i n i t i a t e  t i m e  1 
base f i v e  (T 1. 

Tables  2-2 through 2-4 l i s t  t r a j e c t o r y  condi- 

5 

2 .2 .2  C i r c u l a r  E a r t h  Parking O r b i t  Phase 

The f l i g h t  v e h i c l e  i s  i n s e r t e d  i n t o  a 100 nmi c i r c u l a r ' p a r k i n g  o r b i t  a t  

T5 +10 sec. The v e h i c l e  remains i n  t h e  parking o r b i t  f o r  approximately 

two r e v o l u t i o n s  w h i l e  t h e  v e h i c l e  systems are checked. During t h i s  

t i m e  t h e  v e h i c l e  l o n g i t u d i n a l  a x i s  i s  maintained pa ra l l e l  t o  t h e  l o c a l  

h o r i z o n t a l  by t h e  guidance c o n t r o l  system. 

2.2.3 P r e - I g n i t i o n  Sequencing and S - I V B  Second Burn Phase 

P r e - i g n i t i o n  sequencing f o r  S-IVB second burn s t a r t s  a t  i n i t i a t i o n  of 

t i m e  base  s i x  (T ) which i s  327.0 sec b e f o r e  S- IVB second burn ESC. The 

second burn i g n i t i o n  occurs  dur ing  t h e  second r e v o l u t i o n  s h o r t l y  a f t e r  

t h e  v e h i c l e  comes w i t h i n  t r a c k i n g  range of Cape Kennedy. This  burn of 

320.2 sec w i l l  i n j e c t  t h e  f l i g h t  v e h i c l e  i n t o  a c o n i c  t y p i c a l  of t h e  

t r a n s l u n a r  c o n i c s  used f o r  Lunar Landing Missions.  The f l i g h t  v e h i c l e  

i s  n o t  t a r g e t e d  t o  a t t a i n  t e r m i n a l  c o n d i t i o n s ,  however, t h e  t e r m  

" t r a n s l u n a r "  is  used t o  d e s c r i b e  t h e  o r b i t  achieyed a f t e r  second burn.  

F i g u r e s  2-11 through 2-16 p r e s e n t  p r e d i c t e d  t r a j e c t o r y  parameters .  

Tables  2-5 and 2-6 l i s t  t r a j e c t o r y  c o n d i t i o n s  a t  S-IVB second burn ECS 

and ECC. 

6 

2.2.4 Wait ing O r b i t  Phase 

Following second S-IVB S t a g e  c u t o f f  t h e  f l i g h t  v e h i c l e  i s  commanded t o  

t h e  r e q u i r e d  s p a c e c r a f t  p ropuls ion  system (SPS) r e t r o b u r n  i n e r t i a l  

a t t i t u d e .  This  a t t i t u d e  is  maintained u n t i l  CSM s e p a r a t i o n ,  which 
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occurs at  T +181.7 sec. A t  s e p a r a t i o n ,  the l u n a r  module (LM) a d a p t e r  i s  

deployed, f r e e i n g  t h e  CSM. The CSM r e a c t i o n  c o n t r o l  sys tem (RCS) p rov ides  

s u f f i c i e n t  t h r u s t  t o  s e p a r a t e  t h e  CSM from the  LV. A f t e r  CSM s e p a r a t i o n  

t h e  LV con t inues  t o  c o a s t  i n  t r a n s l u n a r  o r b i t .  The launch  v e h i c l e  

r eaches  an  apogee a l t i t u d e  o f  approximately 275,648 nmi; t h e  nominal 

p e r i g e e  a l t i t u d e  i s  359 nmi. F i r s t  SPS i g n i t i o n  occurs  98.3 sec a f t e r  

CSM s e p a r a t i o n ,  and p l a c e s  t h e  CSM on an e a r t h  i n t e r s e c t i n g  e l l i p s e  s o  

t h a t  CM recovery  i s  p o s s i b l e  should  t h e  SPS f a i l  t o  r e i g n i t e .  The p o s t  

f i r s t  burn  t r a j e c t o r y  parameters were chosen such t h a t  t h e  r e s u l t i n g  

ground t r a c k  a l lows  f o r  adequate  ground suppor t  c a p a b i l i t y  and e n t r y  

c o n d i t i o n s  which approximate t h e  s t r u c t u r a l  l i m i t s  of t h e  command module 

(CM) thereby  p rov id ing  a h i g h  h e a t  rate tes t  on t h e  h e a t  s h i e l d  should  . 

r e i g n i t i o n  of t h e  SPS f a i l .  F i r s t  SPS burn  a l s o  f u l f i l l s  a requi rement  

t o  t es t  SPS eng ine  performance du r ing  a s i n g l e  burn of a t  l ea s t  320 s e c  

d u r a t i o n .  An optimum SPS f i r s t  burn ,  t a r g e t e d  t o  a 10,200 nmi apogee 

a l t i t u d e  and a -9 deg r e -en t ry  e l e v a t i o n  f l i g h t  pa th  a n g l e  would r e q u i r e  

less than  320 sec of burn.  Therefore ,  a yaw maneuver of +39 deg wi th  

r e s p e c t  t o  t h e  i n e r t i a l  v e l o c i t y  v e c t o r  is  performed t o  y i e l d  t h e  d e s i r e d  

r e e n t r y  c o n d i t i o n s  and a 320 sec SPS burn.  A f t e r  f i r s t  SPS c u t o f f  t h e  

CSM is o r i e n t e d  t o  t h e  a t t i t u d e  r e q u i r e d  t o  co ld  soak t h e  CM re -en t ry  

h e a t  s h i e l d  under s imula t ed  t r a n s - e a r t h  c o n d i t i o n s  The second SPS burn  

occurs  5 h r  18 min and 56 sec a f t e r  CSM s e p a r a t i o n  and lasts 189 s e c .  

This  b u m  accelerates t h e  CSM t o  approximate l u n a r  r e t u r n  cond i t ions .  

This  w i l l  p rov ide  a maximum h e a t  l o a d  tes t  of t h e  CM. The nominal CM 

s p l a s h  w i l l  occur  n e a r  H a w a i i  a t  approximately 32 deg n o r t h  l a t i t u d e  and 

1 5 1  deg w e s t  l o n g i t u d e .  

7 

The miss ion  d e s c r i p t i o n  in fo rma t ion  p resen ted  i n  t h i s  s e c t i o n  and 

appendix 1 are based on NASA t r a j e c t o r y  document No. 66-FMP-10, 

AS-502/CSM-020 Joint Reference Trajectory, (Reference 4 1 ,  and does n o t  

r e f l e c t  changes r e s u l t i n g  from i n c o r p o r a t i o n  of t h e  p ropu l s ion  p r e d i c t i o n s  

con ta ined  i n  appendix'5.  The times i n d i c a t e d  i n  appendix 2 are n o t  

compatible w i t h  t h i s  s e c t i o n  f o r  t h e  t i m e s  i n  appendix 2 are mean f l i g h t  

t i m e s  
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TABLE 2-2 

PREDICTED CONDITIONS AT MAXIMUM DYNAMIC PRESSURE (AS-502) 

PARAMETER 

Time from l i f t o f f  ( t )  

Dynamic p r e s s u r e  (4) 
A l t i t u d e  (h) 

Mach number (m) 

Angle of a t t a c k  (Q) 

UNITS 

sec 

l b  f 1 f t 
f t  
-- 
deg 

NOMINAL VALUE 

77.25 

788.00 

42,748 

1.74 

0.75 

TABLE 2-3 

PREDICTED CONDITIONS AT S-111s-IVB STAGE SEPARATION (AS-502) 

PARAMETER 

T i m e  from l i f t o f f  ( t )  

Ear th  f i x e d  v e l o c i t y  (VE) 

I n e r t i a l  v e l o c i t y  (VI) 

e l e v a t i o n  a n g l e  11 
I n e r t i a l  f l i g h t  p a t h  (Y '1 

A 1  t i t u d e  (h)  

UNITS 

sec 

f t lsec 

f t l s e c  

deg 

nmi 

NOMINAL, VALUE 

516.92 

21,279.61 

22,602 .OO 

0.563 

102.4 

-TABLE 2-4 

PREDICTED CONDITIONS, FIRST S-IVB ENGINE CUTOFF COMMAND 

PARAMETER 

T i m e  from l i f t o f f  ( t )  

E a r t h  f i x e d  v e l o c i t y  (V,) 

I n e r t i a l  v e l o c i t y  (VI> 

I n e r t i a l  f l i g h t  p a t h  t Y l  ' 1  

azimuth a n g l e  2I 

e l e v a t i o n  a n g l e  I 

I n e r t i a l  f l i g h t  p a t h  (Y '1 

UNITS 

sec 

f t l s e c  

f t l s e c  

deg 

deg 

NOMINAL VALUE 

645.70 

24,237.00 

25,561 00 

-0.0017 

86.73 

2- 8 



TABLE 2-5 

PREDICTED CONDITIONS, SECOND S-IVB ENGINE START COMMAND 
~ ~~ 

PARAMETER 

Time from liftoff (t> 

A1 t itude (h) 

Earth fixed velocity (V,) 

Inertial velocity (VI> 

Inertial flight path (Y1 * )  
elevation angle I 

Inertial flight path (Y2 '1 
azimuth angle I 

UNITS 

sec 

nmi 

ft/sec 

ftlsec 

deg 

deg 

NOMINAL VALUE 

11 399 e 00 

111.20 

24,222 a 00 

25 548 00 

0 0 0221 

94.01 

TABLE 2-6 

PREDICTED CONDITIONS, SECOND S-IVB ENGINE CUTOFF COMMAND 

PARAMETER 

Time from second S-IVB 
Engine Start Command 

A1 t i tude 

Earth fixed velocity 

Inertial velocity 

Inertial flight path 
elevation angle 

Inertial flight path 
azimuth angle 

UNITS PREDICTED VALUE 
1 

sec 

nmi 

ftlsec 

ftlsec 

deg 

318 00 

165 4 

34,265 00 

35 602 a 00 

6.32 

deg 108.24 

2-9 
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Figure 2-3 Predicted AS-502 Angle o f  Attack During Boost-to-Parking Orbit 
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SECTION 3 

STAGE OBJECTIVES 



3. STAGE OBJECTIVES 

This  s e c t i o n  d e f i n e s  t h e  S-IVB-502 s t a g e  f l i g h t  o b j e c t i v e s  and evalu-  

a t i o n  cri teria i n  suppor t  of  t he  v e h i c l e  miss ion  o b j e c t i v e s  p re sen ted  

i n  s e c t i o n  2. The S-IVB s t a g e  r e sea rch  and development o b j e c t i v e s  

are designed t o  v e r i f y  t h e  performance of  t h e  S-IVB s t a g e  a i r f r ame ,  

s t a g e  systems,  S-II/S-IVB and S - I V B / I U  i n t e r f a c e s ,  and t o  de te rmine  

and e v a l u a t e  t h e  i n t e r n a l l e x t e r n a l  s t a g e  environments.  

no ted  t h a t  t h e  s t a g e  o b j e c t i v e s  d e s c r i b e  t h e  e v a l u a t i o n  e f f o r t s  t o  be  

accomplished only  by Douglas, and do n o t  completely s a t i s f y  the  mission 

o b j e c t i v e s ,  The mission o b j e c t i v e s  w i l l  be  s a t i s f i e d  by t h e  cumulat ive 

e v a l u a t i o n  e f f o r t s  of MSFC, Douglas, and the  o t h e r  Sa tu rn  program 

c o n t r a c t o r s  and t h e  r e s u l t s  w i l l  be  r epor t ed  i n  t h e  MSFC v e h i c l e  r e p o r t .  

It should be  

For convenience of t h e  e v a l u a t i o n  and r e p o r t i n g  t a s k s ,  t h e  miss ion  has  

been d iv ided  i n t o  t h e  fo l lowing  f o u r  major phases:  

(A) Launch Phase* - The pe r iod  from l i f t o f f  t o  S-IVB f i r s t  5-2 

engine  c u t o f f  +10 sec. 

(B) Parking O r b i t  Phase - The pe r iod  from S-IVB f i r s t  

5-2 engine  cu to f f  +10 sec t o  i n i t i a t i o n  of S-IVB re- 

start p r e p a r a t i o n s .  

(C) P r e - i g n i t i o n  Sequencing and S-IVB Second Burn Phase - 
The per iod  from i n i t i a t i o n  of S-IVB restart p r e p a r a t i o n s  

t o  S-IVB second burn t o  second 5-2 engine cu to f f  +10 sec. 

(D) Active Wait ing Orb i t  Phase - The p e r i o d  from second 5-2 engine  

c u t o f f  +10 sec u n t i l  l o s s  of S-IVB a t t i t u d e  c o n t r o l ,  o r  u n t i l  

planned LV/SC s e p a r a t i o n .  

3.1 Airframe S t r u c t u r a l  I n t e g r i t y  (Phases A, B,  C ,  D) 

Ver i fy  t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  S-IVB s t a g e  du r ing  a l l  phases  of 

t h e  mission.  This  o b j e c t i v e  w i l l  be  achieved by t h e  e v a l u a t i o n  of t h e  

s t r u c t u r a l  i n t e g r i t y  of t h e  fo l lowing  a i r f r a m e  components: 

*This phase may b e  cons idered  t o  encompass t h e  prelaunch activit ies 
where r equ i r ed .  
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a. Forward s k i r t  assembly 

b. LH2 tank  assembly 

c. LOX tank  assembly 

d. Engine t h r u s t  s t r u c t u r e  

e. A f t  s k i r t  assembly 

f .  A f t  i n t e r s t a g e  assembly 

g. Common bulkhead. 

3.2 Main Propuls ion  System (Phases A, B ,  C, D) 

Veri fy  t h e  propuls ion  system o p e r a t i o n s  d u r i n g  f l i g h t .  T h i s  o b j e c t i v e  

w i l l  be  achieved by e v a l u a t i o n  o f  t h e  performance of  t h e  5-2 engine system, 

t h e  LH2 and LOX systems,  and t h e  s t a g e  pneumatic c o n t r o l  and purge system. 

P r e d i c t e d  propuls ion  system performance d a t a  are p r e s e n t e d  i n  appendix 5. 

3.2.1 5-2 Engine Performance and Condi t ion ing  (Phases A, C) 

Determine t h e  5-2 engine  chi l ldown,  s t a r t ,  s t e a d y - s t a t e ,  and c u t o f f  

performance c h a r a c t e r i s t i c s .  Evalua t ion  of t h e  fo l lowing  w i l l  v e r i f y  

t h i s  o b j e c t i v e :  

a. 

b. 

C .  

d.  

e .  

f .  

g. 

h .  

T h r u s t  bu i ldup  c h a r a c t e r i s t i c s  d u r i n g  engine  s t a r t  t r a n s i e n t  

Thrus t  c h a r a c t e r i s t i c s  d u r i n g  s t e a d y - s t a t e  o p e r a t i o n  

Thrus t  decay c h a r a c t e r i s t i c s  d u r i n g  engine  c u t o f f  

T o t a l  impulse 

S t a r t  impulse 

Cutoff  impulse 

The 5-2 engine  t h r u s t  chamber chi l ldown t i m e ,  thermal  g r a d i e n t s ,  

response  of  t h e  s t r u c t u r e  t o  chi l ldown,  S-111s-IVB i n t e r s t a g e  

environment,  and r e t r o  and u l l a g e  rocke t  plume impingement 

d u r i n g  s t a g e  s e p a r a t i o n  

The 5-2 engine  s t a r t  sphere  chi l ldown and loading ,  t h e  c o n d i t i o n s  

i n  t h e  sphere  a t  l i f t o f f  and Engine S t a r t  Command, t h e  mass used 

f o r  engine s t a r t ,  and t h e  sphere  warmup r a t e  from p r e s s u r i z a t i o n  

t o  l i f t o f f  and d u r i n g  S-IC and S-I1 b o o s t  
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i. The 5-2 engine start sphere refill during S-IVB first burn, the 

condition of the sphere at first burn cutoff and second burn 

Engine Start Command, the mass used for second burn engine start, 

and sphere warmup rate during orbital coast 

j. The 5-2 engine control helium sphere prepressurization and 
loading, sphere conditions at liftoff and at Engine Start Command 

(ESC), and the sphere warmup rate from loading to liftoff, 

during S-IC and S-I1 boost, and during orbital coast 

k. The 5-2 engine sequencing 

1. Propellant consumption using flow integration and the thrust pro- 

file for flight performance reconstruction. 

3.2.2 LH2 System (Phases A ,  B, C, D) 

Satisfactory operation of the LH2 system will be verified by the proper 
operation of the LH2 propellant feed system and the LH2 vent systems. 

3.2.2.1 LH2 Propellant Feed System (Phases A,  C )  

Demonstrate the capability of the LH2 system to provide sufficient LH2 and 

net positive suction head (NPSH) to the 5-2 engine for satisfactory 
operation. Evaluation of the following will verify this objective: 

a .  LH2 temperature and pressure and tank ullage pressure during 
loading operations and at liftoff 

b. Prepressurization of the LH2 tank prior to launch 

c. Transition from ground prepressurization to onboard flight pres- 

surization system to provide tank ullage pressure during engine 

operation 

d. Conditions of propellant supplied to the 5-2 engine LH2 pump 
inlet during prestart and steady-state operation 

e. LH2 recirculation chilldown 

f, Repressurization of the LH2 tank prior to second burn 

g. Fuel lead thrust ch’amber chilldown 

h. Orbital boiloff mass (obtained during phase B) 
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3.2.2.2 LH2 Vent Systems (Phases B ,  D) 

Demonstrate the capability of the vent systems to provide the required LH2 

tank pressures, and to provide sufficient acceleration after 5-2 engine 

cutoff to settle the LH2 and LOX. 

Evaluation of the following will verify this objective: 

a. Continuous vent system thrust, thrust imbalance, and flowrate 

b. Nonpropulsive vent system thrust, thrust imbalance, and flowrate 

(phase D only) 

c. Tank depressurization rate 

d. Tank self-pressurization rate (phase D only) 
e. Heat input rates. 

3.2.3 LOX System (Phases A ,  B,  C, D) 

Satisfactory operation of the LOX system will be verified by the proper 
operation of the LOX feed system, LOX vent system, and pneumatic control 

and purge system. 

3.2.3.1 LOX Feed System (Phases A, C) 

Demonstrate the capability of the LOX system to provide sufficient 

LOX and NPSH to the 5-2 engine for satisfactory operation. Evaluation 

of the following will verify this objective: 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

LOX temperature, LOX pressure, and tank ullage pressure during 
loading operations and at liftoff 

Prepressurization of the LOX tank prior to launch 

Transition from ground prepressurization to onboard flight 

pressurization and operation of the onboard LOX tank pressuri- 
zation to provide tank ullage pressure during engine operation 

Pressurization control module operation 

Pressure and temperature of the cold helium supply 

5-2 heat exchanger performance 

LOX pump chilldown and recirculation 

Conditions of LOX supplied to the 5-2 engine LOX pump inlet 

during prestart and steady-state operation. 
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3.2.3,2 

Demonstrate t h e  c a p a b i l i t y  of t h e  v e n t  system t o  provide  r e q u i r e d  t ank  

p r e s s u r e s  a f t e r  5-2 eng ine  c u t o f f ,  

t h i s  o b j e c t i v e :  

LOX Vent System (Phases B, D> 

Eva lua t ion  of t h e  fo l lowing  w i l l  v e r i f y  

a. P ropu l s ive  v e n t  system t h r u s t ,  f l o w r a t e ,  and t o t a l  vented  impulse 

b. Tank d e p r e s s u r i z a t i o n  ra te  

c. Tank s e l f - p r e s s u r i z a t i o n  r a t e  

d ,  Heat i n p u t  rates. 

3 .2 ,4  Pneumatic Cont ro l  and Purge System (Phases A, B ,  C ,  D> 

Ver i fy  t h e  c a p a b i l i t y  of t h e  pneumatic c o n t r o l  and purge s y s t e m  t o  provide  

pneumatic power and purge gas throughout t h e  miss ion .  

Performance e v a l u a t i o n  w i l l  i n c l u d e  t h e  fo l lowing:  

a. P r e s s u r e  and tempera ture  of t h e  ambient helium supply 

b. The r e g u l a t i o n  of c o n t r o l  p r e s s u r e  

c, Ac tua t ion  of pneumatic v a l v e s  

d. Helium purge p r e s s u r e  and flow f o r  t h e  APS, and LH2 and LOX 

turbopump purges  du r ing  pre launch  o p e r a t i o n s  

e,  LOX r e c i r c u l a t i o n  ch i l ldown pump motor c o n t a i n e r  purge p res su re .  

3.3 A u x i l i a r y  P ropu l s ion  System (Phases A,  B,  C ,  D) 

Ver i fy  t h e  a b i l i t y  of t h e  a u x i l i a r y  p ropu l s ion  system ( U S )  t o  p rov ide  

t h r u s t  on demand f o r  r o l l  c o n t r o l  du r ing  t h e  S-IVB 5-2 engine  f i r s t  and 

second burn; f o r  r o l l ,  p i t c h ,  and yaw c o n t r o l  fo l lowing  5-2 eng ine  cu t -  

o f f ,  and f o r  p r o p e l l a n t  s e t t l i n g . .  Performance e v a l u a t i o n  w i l l  i n c l u d e  

t h e  fo l lowing:  

a ,  P r o p e l l a n t  tempera tures  and p r e s s u r e s  and t h e  u l l a g e  p r e s s u r e s  

du r ing  p re l aunch  o p e r a t i o n s  and a t  l i f t o f f  

b ,  Temperature and p r e s s u r e  of t h e  helium supply  sphe re  

c. P r e s s u r i z a t i o n  of t h e  p r o p e l l a n t  t anks  t o  f l i g h t  p r e s s u r e  

d ,  Response of  t h e  engines  t o  s t a g e  commands dur ing  p r e f l i g h t  

checkouts and f l i g h t  
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e. Value of the minimum impulse bit 

f. Performance of the helium pressurization, fuel supply, oxidizer 

supply, and engine systems in a space environment, 

3.4 Ullage Rockets (Phase A) 

Verify the capability of the ullage rockets to provide sufficient thrust 

for propellant stabilization during S-II/S-IVB separation and the 5-2 engine 

start transient. 

Performance evaluation will include the following: 

a. Response of ullage rockets to ignition signal 

b. Chamber pressure versus time. 

3 . 5  Retrorockets (Phase A) 

Verify the capability of the retrorockets to provide sufficient thrust for 

S-II/S-IVB separation. This will be done by determining (1) response of 

retrorockets to ignition signal, and (2) chamber pressure as a function of 

time . 
3.6 Hydraulic System (Phases A, B, C, D) 

Verify the ability of the hydraulic system to supply pressurized fluid to 
the servo system, and verify that the servo system gimbals the engine in 

response to signals from the instrument unit (IU). 

3 . 6 . 1  Power System (Phases A,  B ,  C ,  D) 

The evaluation of the power system will include the following: 

a. 

b. 

C. 

d. 

Verification that adequate pressurized fluid flow is available to 

the servo-actuator and that hydraulic system pressures are main- 

tained within expected limits (figure AP 8-1) 

Verification that fluid temperature is maintained within expected 

limits during system operation (figure AP 8-1) 

Verification that auxiliary hydraulic pump motor pressurization is 

maintained 

Verification of engine positioning capability prior to restart. 
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3,6.2 Servo System (Phases A, B, C, D) 

The evaluation of the servo system will include the following: 

a, 

be 

C. 

d. 

e. 

f. 

g. 

h. 

i. 

Verify the adequacy of actuator artificial damping mechanism 

performance 

Verify the adequacy of present compensation for thrust vector 
deflection errors caused by gimbal "slop" and thrust structure 

compression effects 

Evaluate the effects of thrust misalignment and thrust 

eccentricity errors on actuator performance 

Determine and evaluate actuator start transient loads during 
initial start and restart 

Determine and evaluate gimbal friction during engine burn after 

gimbal bearing has been exposed to space environment 

Compare critical actuator component temperatures with predicted 

values 

Verify proper pitch and yaw actuator responses to commands 

Evaluate the effects of IU command errors in the non-S-IVB burn 
modes on actuator performance 

Evaluate actuator deflections during non-S-IVB burn modes. 

3.7 Flight Control System (Phases A,  B, C, D) 

Verify the proper operation of the flight control system during 

flight.. This objective will be achieved by: verification of the proper 
operation of the thrust vector control system and the auxiliary attitude 

control system; comparison of inflight body bending frequencies and pro- 

pellant sloshing frequencies with those predicted (figure AP 7-1). 

3.7,1 Thrust Vector Control System (Phases A ,  C) 

Demonstrate proper performance of the main engine control system during 

S-IVB flight, This objective will be achieved by evaluation of the 

following: 

a. Response of the thrust vector control system to commands from the 
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ins t rument  u n i t  

b.  Response of t h e  c o n t r o l  system s e n s o r s  and networks 

c. V e r i f i c a t i o n  of c o n t r o l  system s t a b i l i t y  du r ing  S-IVB f l i g h t ,  

i nc lud ing  c o n t r o l a b i l i t y  immediately a f t e r  s e p a r a t i o n  

d.  S imula t ion  of t r a n s i e n t  r eg ions  of f l i g h t  (e.g. ,  s e p a r a t i o n ,  

guidance i n i t i a t i o n )  

e. Demonstrate proper  main engine  p o s i t i o n i n g  p r i o r  t o  engine 

restart e 

3 . 7 . 2  Auxi l i a ry  A t t i t u d e  Cont ro l  System (AACS) (Phases A, B,  C, D) 

V e r i f i c a t i o n  of c o n t r o l  system s t a b i l i t y  and e v a l u a t i o n  of performance 

dur ing  S-IVB f l i g h t .  Th i s  o b j e c t i v e  w i l l  be  achieved by c o n s i d e r a t i o n  

of t h e  fol lowing:  

a. Response of t h e  A P S  and r e l a y s  t o  commands from t h e  

in s t rumen t  u n i t  

b.  Response of t h e  c o n t r o l  system s e n s o r s  and networks 

c. Comparison between t h e o r e t i c a l  and a c t u a l  c o n t r o l  system 

behavior  and s i m u l a t i o n  of t r a n s i e n t  r eg ions  of f l i g h t  

d. Comparison between a c t u a l  and a l l o c a t e d  impulse usage f o r  

v e h i c l e  maneuvers and d i s tu rbances .  

3 . 8  Tra jec to ry /P ropu l s ion  Compa t ib i l i t y  (Phases A, C) 

Ver i fy  c o m p a t i b i l i t y  of  t h e  observed t r a j e c t o r y  and S-IVB p ropu l s ion  system 

performance, 

from t ra j e c t o r y  d a t a  : 

This  o b j e c t i v e  w i l l  b e  achieved by de termining  t h e  fo l lowing  

a. S-IVB s t a g e  t h r u s t ,  s p e c i f i c  impulse,  and m a s s  f low 

b .  Vehic le  m a s s  a t  i g n i t i o n  and c u t o f f  

c .  S-IVB s t a g e  t h r u s t  v e c t o r  misal ignment .  

3 . 9  Stage  Sequence of Events (Phases A, B,  C, D) 

Veri fy  proper  S-IVB acknowledgement of sequence commands i s sued  from t h e  

I U .  This o b j e c t i v e  w i l l  b e  v e r i f i e d  by comparing I U  command t i m e s  t o  s t a g e  

monitored command t i m e s .  
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3.10 Stage Separation (Phase A) 

Verify clearance distance between S-II/S-IVB stages during separation. 
Predicted stage clearance is presented in figures AP 7-2 and AP 7-3. 

This objective will be achieved by determining the following: 

a. Lateral clearance between stages 

b. Separation distance history between stages 

c. Causes of observed motion by simulation of stage attitude rates 

and accelerations e 

3.11 Data Acquisition System (Phases A, B ,  C, D) 

Verify that the data acquisition system is within design tolerances. Satis- 

factory completion of this objective shall be the demonstration of the data 

acquisition system to properly assimilate, condition, and translate stage 

information into proper telemetry format for transmission to a ground station. 
This includes evaluating the items listed in the following paragraphs. 

3.11.1 RF System (Phases A, B ,  C, D) 

Verify the proper operation of the RF system. 

The achievement of this objective will be verified by evaluation of the 

following: 

a. RF signal strength at ground stations, horizontal and vertical 

polarization energy of each of the RF frequencies to determine 

radiated power 

b. RF power output of all transmitter power amplifiers measured by 

means of directional couplers and RF power detectors 

c. RF insertion loss during flight between RF amplifiers and the 

applicable antenna inputs 

d. Voltage standing wave ratio (VSWR) computed from forward and 

reflected power data for each antenna obtained from the 
bi-directional coupler and RF power detectors 

e. Effect of flame attenuation by measuring transmitted power out 

the antenna arrays during separation, measuring signal strength 
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at ground stations, and computing the signal attenuation. 

3.11.2 Telemetry System (Phases A ,  B ,  C, D) 

Verify the telemetry system performance. The achievement of this objective 
will be verified by consideration of the following: 

a. Examination of output of the data reduction system for proper 

reference channel levels, synchronization pulses, etc. 

b. Examination of PAM wave-train stripouts for proper format 

c. Examination of PCM data channels and synchronization words to 

verify consistency 

Evaluation of FM/F'M telemetry system accuracy from inflight cali- 

bration data. 

output of the ground station receiver 

Correlation of PAMIFM and PCM/FM data by comparing selected 

measurements telemetered by both systems 

d. 
The input to the vehicle SCO's is compared with the 

e. 

f. Evaluation of the SSB by demodulating the composite signal and check- 

ing the data, pilot tone, and reference channels (phases A and C only). 

3.11.3 Instrumentation System (Phases A ,  B,  C, D) 

Verify the performance of the instrumentation system. The achievement of 

this objective will be verified by evaluating the following: 

a. 

b. 

C. 

d. 

F'M system data for expected ranges and frequencies. Examination 
of inflight calibration of subcarrier oscillator (SCO) assemblies 

to determine proper operation and linearity 

PAM system data for proper format, proper reference channels, and 

consistency of data channels from frame to frame 

PCM data for proper format 

Single sideband (SSB) data, calibration signals, and format of 
vibration multiplexer and its marker pulses present on the service 
channel (phases A and C only). 
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3.11.4 

Verify proper performance of the inflight tape recorder. Verification of 

this objective will be achieved by evaluation of the following: 

Tape Recorder (Phases A, B) 

a. Tape recorder stabilization time determined from the time for 

data stabilization observed from oscillograph recordings 

b. Wow and flutter during fast record and playback determined by 

discrimination of the 120 kc tape speed compensation signal 

c. Data received from tape recorder compared to realtime data 

d. Indication of ready-to-record event. 

3.11-5 Data Acquisition System Electromagnetic Interference (Phases A,B,C,D) 

Verify the f o I lowing : 

a. The data acquisition system does not interfere with the other 

stage systems 

b. The other stage systems do not interfere with the data acquisition 

system. 

3.11.6 Data Validity (Phases A,  B, C, D) 

Verify the validity of data from the data acquisition system. 
achievement of this objective will be established by determination of data 

validity on a channel-by-channel basis from the following systems: 

The 

a. FM/FM systems No's. 1, 2, and 3 

b. PAM/FM/FM systems (prime and subchannels of the model 270 
time-division multiplexers) 

c. PCM/DDAS system 

d. sSB system (phases A and C only). 

3.12 Electrical Control System (Phases A, B, C, D) 

Verify the proper operation of the elecerical control system, which includes 

the following: 

- 

a. Forward and aft control distribution assemblies 

b. Forward power distribution assembly 
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c. Af t  power d i s t r i b u t i o n  assembl ies  

d. Switch s e l e c t o r  

e. Sequencer 

f .  Cont ro l  p r e s s u r e  swi tches .  

3.13 E l e c t r i c a l  Power System (Phases A, B ,  C, D) 

Ver i fy  t h a t  b a t t e r y  c u r r e n t s ,  v o l t a g e s ,  t empera tures ,  chi l ldown i n v e r t e r  

f r equenc ie s ,  and v o l t a g e s  remain w i t h i n  accep tab le  l i m i t s  dur ing  t h e  

f l i g h t .  

3.14 Sepa ra t ion  Exploding Bridgewire  (EBW) System (Phase A) 

Ver i fy  t h a t  t h e  s e p a r a t i o n  EBW system responds c o r r e c t l y  t o  a l l  commands. 

3.15 P r o p e l l a n t  U t i l i z a t i o n  (PU) System (Phases A ,  C )  

Demonstrate t h e  PU system performance i n  a p r o p e l l a n t  loading  mode and 

f o r  i n f l i g h t  p r o p e l l a n t  management as de f ined  by t h e  c r i t e r i a  l i s t e d  h e r e i n .  

(S-IVB-502 p r o p e l l a n t  l oad ing  d a t a  are p resen ted  i n  appendix 6 . )  

- 

a. Demonstrate t h a t  t h e  PU system i n d i c a t e d  p r o p e l l a n t  load  i s  

w i t h i n  1.39 pe rcen t  of t h e  a c t u a l  p r o p e l l a n t  load  i n  each t ank  

as determined by t h e  s t a t i s t i c a l  weighted average  p r o p e l l a n t  

mass h i s t o r y  

b. Demonstrate t h e  a b i l i t y  of t h e  PU system t o  provide  p r o p e l l a n t  

management, and t o  d e p l e t e  r e s i d u a l s  w i t h i n  575 lbm o r  less 

u s a b l e  p r o p e l l a n t s  as e x t r a p o l a t e d  t o  d e p l e t i o n  from t h e  c o n d i t i o n s  

e x i s t i n g  a t  second burn c u t o f f  

c. Demonstrate c losed-loop PU o p e r a t i o n  i n  t h e  programmed mixture  

r a t i o  (PMR) mode du r ing  f i r s t  b u m .  Following a two-orbit  c o a s t  

and restart, c o n t r o l  t h e  EMR t o  a nominal r e f e r e n c e  mixture  r a t i o  

of 5.00:l dur ing  second burn. 

3.16 Secure Range S a f e t y  Command System (Phase A) 

The achievement of t h i s  o b j e c t i v e  w i l l  b e  v e r i f i e d  by proper  o p e r a t i o n  of 

t h e  secu re  range  s a f e t y  command system f o r  normal f l i g h t ,  o r  f o r  t h e  

t e rmina t ion  of an errat ic  f l i g h t .  
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a. Normal F l i g h t  

(1) An RF carrier should be  r ece ived  by t h e  s t a g e  a t  a l l  

t i m e s ,  u n t i l  a f t e r  t h e  systems have been sa fed .  

(2) I n d i c a t i o n  of s i g n a l  s t r e n g t h s  from each range s a f e t y  

receiver should be a nominal 1 . 3 ~ .  

b. Abnormal F l i g h t  

The o p e r a t i o n  of t h e  range  s a f e t y  system dur ing  an abnormal 

f l i g h t  should  inc lude  those  o p e r a t i o n s  descr ibed  f o r  normal 

f l i g h t  (paragraph 3.16a) p l u s  t h e  fo l lowing:  

(1) I n d i c a t i o n  of r e c e i p t  of t h e  p r o p e l l a n t  d i s p e r s i o n  (PD) 

EBW F i r i n g  Unit  A r m  and Engine Cutoff Command, from t h e  

range s a f e t y  decoder .  T r i - l e v e l  s i g n a l s  should show a 

s t e p  i n c r e a s e  from 1.27 2 0 . 1 5 ~  t o  2.43 If i0 .15~ 

The EBW f i r i n g  u n i t s  should show a charge of 2,300 - +1OOv 

w i t h i n  1 sec a f t e r  t h e  r e c e i p t  of t h e  EBW arm and engine  

c u t  o f f  s i g n a l  

(2) 

(3) A f t e r  a predetermined t i m e  from t h e  arm and engine  c u t o f f  

s i g n a l ,  a p r o p e l l a n t  d i s p e r s i o n  command w i l l  be g iven  t o  t h e  

v e h i c l e .  A t  t h i s  t i m e  t h e  range s a f e t y  decoder t r i - l e v e l  

s i g n a l  should show a s t e p  i n c r e a s e  t o  4.16 2 0 . 1 5 ~ .  

3.17 S tage  Aero/Thermodynamics (Phases A, B,  C, D) 

Determine s t a g e  aero/thermodynamics du r ing  a l l  phases  of f l i g h t .  

This  o b j e c t i v e  w i l l  i nc lude  t h e  fo l lowing:  

a. S tage  thermal  environment and t h e  response  of s t r u c t u r e  and 

components sub jec t ed  t o  c ryogenics ,  aerodynamic h e a t i n g ,  and 

plume impingement. Comparisons w i l l  be made between f l i g h t  

d a t a  and p o s t f l i g h t  s imula t ions  based on t h e  a c t u a l  t r a j e c t o r y ,  

a tmospher ic  parameters ,  s t a g e  o p e r a t i o n s ,  and ground test d a t a .  

The fo l lowing  areas are t o  be  i n v e s t i g a t e d :  
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(1) Forward skirt 

(2) LH2 tank 

( 3 )  Aft skirt 

( 4 )  Aft interstage 

b. The propellant heat input during ground hold, boost, powered 

flight and orbital coast 

c. The external static pressure distributions on the stage, as well 

as the internal pressure histories in the aft skirt and interstage 
compartments. Comparisons will be made between the flight data, 
preflight predictions, and postflight simulations. 

3.18 Vibration and Acoustic Environment (Phases A, C) 

This objective will be achieved by evaluation of the vibration environment 

of the stage basic structure, engine, stage components, and the internal 

and external acoustic environment of the forward and aft skirts. 

a. Vibration 
~ 

(1) The basic structure vibration will be measured at the gimbal 

point and on the separation and field splice ring frame 

(2) The engine vibration will be measured at the LH2 and LOX 

turbopumps and at the combustion chamber dome 

( 3 )  The component vibration will be measured at the PU electronics 
panel, EBW range safety panel, battery installation in the 
forward skirt, sequencer panel, switch selector panel, and 

APS attach points in the aft skirt. 

b. Acoustics (Phase A) 

Internal and external sound pressures will be measured for the 
forward and aft skirt areas during liftoff along with the 
aerodynamic pressure fluctuations during S-IC flight. 

Predicted envelopes of composite vibration and acoustic levels for the 

aforementioned areas of interest are presented in figure AP 8-6. 
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3.19 Ordnance System (Phase A) 
~~ ~ ~ ~~ 

Verify proper operation of the ordnance system during flight. 

objective will be achieved by verification of the following: 

The 

a. Operation of the stage separation systems 

b. Operation of the ullage rocket ignition and jettison systems 

c. Operation of the retrorocket ignition system. 

3.20 Environmental Control System (Phases A,  B, C, D) 

Verify proper environmental control system performance during all phases of 

flight. This objective will be achieved by verifying the following: 

a. Proper S-IVB thermoconditioning fluid f lowrate, supply 

pressure, and temperature were maintained by the IU thermo- 
conditioning system 

b. S-IVB thermoconditioning system fluid return pressure and 

temperature were within normal operating ranges. 

3.21 Countdown Demonstration Test 

The objective of the countdown demonstration test, relevant to flight will 
be t o  verify the  propellant utilization system calibration data presented 

in appendix 6. 
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4. STAGE CONFIGURATION 

This section presents the general configuration of the S-IVB-502 and 

significant stage configuration differences between S-IVB-502 and 

S -1VB -5 01. 

4.1 S-IVB-502 Stage 

The S-IVB-502 stage airframe (figure 4-1) consists of the following 
assemblies : 

a. Forward skirt 

b. Propellmt tanks 

c .  Aft skirt 

d .  Engine thrust structure 

e. Aft interstage 

f. Supporting subsystems 

A detailed description of these assemblies is presented in the DAC 

Drawing No. 1B63789B, S-IVB-502 End Item T e s t  PZan (reference 10). 

A propulsion system schematic diagram of the S-IVB-502 stage is 
presented in figure 4-2. 

4.2 Stage Configuration Differences 

The following paragraphs delineate significant configuration differences 

between the S-IVB-502 and S-IVB-501 stages. 

4.2.1 

The S-IVB-501 LH2 and LOX ullage tank pressure measurements for prelaunch 
checkout (DO576 and D0577) and flight (DO177 through D0180) were made 

from two pressure ports; one on the LH2 forward dome, and one on the 
LOX aft dome. The S-IVB-502 was modified by the installation of six 
pressure ports, thus providing one port for each ,of these six critical 

measurements. 

LH2 and LOX Ullage Tanks Instrumentation Changes 
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4.2.2 Forward S k i r t  

The s t r u c t u r a l  e lements  added t o  t h e  forward s k i r t  ( r e f e r r e d  t o  as t h e  

f l u t t e r  k i t )  on t h e  S-IVB-501 s t a g e  t o  arrest f l u t t e r ,  were n o t  i n s t a l l e d  

on t h e  S-IVB-502 s t a g e .  

S p e c i a l  f l u t t e r  i n s t r u m e n t a t i o n  w a s  added t o  t h e  S-IVB-502 s t a g e  forward 

s k i r t .  

These measurements are as fo l lows  : 

SOO86-426 

SOO87-426 

SOO88-426 

SOO89-426 

S0090-426 

SOO91-426 

SOO92-426 

SOO93-426 

SOO94-426 

SOO95-426 

SOO96-426 

SOO97-426 

SOO98-426 

SOO99-426 

S0100-426 

SO 10 1-42 6 

4.2.3 Aft  I n t e r s t a g e  

In a n t i c i p a t i o n  of a p o s s i b l e  i n s u l a t i o n  problem d u r i n g  f l i g h t  due t o  

p e e l i n g  of t h e  Korotherm from t h e  S-IVB-501 a f t  i n t e r s t a g e ,  h e a t  s i n k  

s t r i n g e r  caps and a s i l i c o n  compound were added i n  t h e  v i c i n i t y  of 

t h e  r e t r o  r o c k e t s  and t h e  f u e l  tank  f e e d l i n e  f a i r i n g  c o n f i g u r a t i o n  

w a s  modified t o  have a b l u n t  a f t e rbody .  These changes are n o t  e f f e c t i v e  

on t h e  S-IVB-502 a f t  i n t e r s t a g e .  
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Figure 4-1. S-IVB-502 Stage Cutaway 
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5. LAUNCH MISSION RULES AND REDLINES 
- 

This  s e c t i o n  d e f i n e s  t h e  launch miss ion  r u l e s  p e r t a i n i n g  t o  t h e  S-IVB 

s t a g e ,  r e d l i n e s  (which are a p a r t  of t h e  launch miss ion  r u l e s ) ,  backup 

r e d l i n e s ,  and b l u e l i n e s .  This  i n fo rma t ion  w a s  submit ted t o  NASA/MSFC 

p r i o r  t o  i n c o r p o r a t i n g  i n t o  t h i s  r e p o r t .  

5.1 Launch Mission Rules 

Launch miss ion  r u l e s  are launch v e h i c l e ,  space v e h i c l e ,  and s p a c e c r a f t  

l aunch  c o n s t r a i n i n g  requi rements .  

i nco rpora t ed  i n t o  t h e  NASA/KSC Launch Mission Rules document ( r e f e r e n c e  5) 

p r i o r  t o  t h e  AS-502 f l i g h t .  

These launch c o n s t r a i n t s  a re  t o  be  

The Launch Mission Rules document i s  d iv ided  i n t o  f i v e  major areas as 

fo l lows  : 

a. Mission Rules and D e f i n i t i o n s  

b. Launch Vehic le  Requirements 

c. Space Vehic le  Requirements 

d .  Spacec ra f t  Requirements 

e. Technica l  Support .  

The S-IVB s t a g e  is  n o t  a f f e c t e d  by t h e  s p a c e c r a f t  o r  t e c h n i c a l  suppor t  

requi rements .  

The launch miss ion  r u l e s  are e f f e c t i v e  dur ing  t h e  pre launch  o p e r a t i o n s  

pe r iod .  For  t h e  AS-502 f l i g h t ,  t h i s  pe r iod  w i l l  beg in  w i t h  t h e  comple- 

t i o n  of s p a c e c r a f t  f u e l  c e l l  c ryogenic  topoff  a t  T -13 h r  30 min, and 

w i l l  end a t  T -8.9 s e c  (S-IC i g n i t i o n  command). 

5.1.1 Mission Rules  and D e f i n i t i o n s  

The fo l lowing  miss ion  r u l e s  and d e f i n i t i o n s  e x t r a c t e d  from t h e  Launch 

Mission Rules document p e r t a i n  d i r e c t l y  t o  t h e  S-IVB s t a g e .  

a. A mandatory i t e m  i s  a launch v e h i c l e  element o r  o p e r a t i o n a l  

suppor t  element t h a t  is  e s s e n t i a l  f o r  accomplishment of t h e  
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primary miss ion ,  which i n c l u d e s  pre launch ,  f l i g h t ,  and 

recovery  o p e r a t i o n s  t h a t  a s s u r e  crew s a f e t y  and e f f e c t i v e  

o p e r a t i o n a l  c o n t r o l  as w e l l  as t h e  a t t a inmen t  of t h e  primary 

mis s ion  ( r e d l i n e  parameters  are mandatory). 

b. I f  a mandatory i t e m  f a i l s  dur ing  t h e  countdown, it w i l l  be  

c o r r e c t e d  p r i o r  t o  launch  du r ing  a ho ld ,  o r  r e c y c l e  of t h e  

countdown as necessa ry .  I f  t h e  i t e m  cannot be  c o r r e c t e d  t o  

p e r m i t  l i f t o f f  w i t h i n  t h e  launch  window, t h e  miss ion  d i r e c t o r  

w i l l  s c rub  t h e  launch ,  fo l lowing  a p p r o p r i a t e  c o o r d i n a t i o n  w i t h  

t h e  launch and f l i g h t  d i r e c t o r s  and t h e  DOD manager f o r  manned 

space f l i g h t  suppor t  o p e r a t i o n s .  

c .  Any f u n c t i o n  t h a t  i s  i n t e r l o c k e d  on a n  au tomat i c  sequencing 

d e v i c e  i s  de f ined  as mandatory and i s  n o t  r e i t e r a t e d  w i t h i n  

t h e  launch miss ion  r u l e s  document. 

d .  A c u t o f f  w i l l  no t  be  i n i t i a t e d  a f t e r  T -8 .9 sec ( i g n i t i o n  

command) except  f o r  f a i l u r e  of t h e  launch v e h i c l e  t o  l i f t o f f .  

e. A s c r u b  fo l lowing  t h e  s ta r t  of LOX load ing  r e q u i r e s  a 48 hour 

launch  de lay .  

5.1 .2  Space Vehicle Requirements 
~~ 

The S-IVB s t a g e  launch c o n s t r a i n t s ,  a s  de f ined  by t h e  Launch Mission 

Rules document and a p p l i e d  t o  t h e  space  v e h i c l e ,  a r e  l i s t e d  i n  t h e  

fo l lowing  paragraphs  : 

a.  Sur face  Wind R e s t r i c t i o n s  - Sur face  wind r e s t r i c t i o n s  r e fe renced  

t o  6 0  f e e t  and based on a Cape Kennedy 9 5 . 0  p e r c e n t i l e  wind 

p r o f i l e  w i th  a 1 . 4  g u s t  f a c t o r  are as fo l lows :  

Steady S t a t e  Peak Wind Gusts 
Wind (kno t s )  (kno t s )  (meters / sec)  

MSS a t  Veh ic l e  wi th  4 5 . 0  63.2 32.5 
Auxi l i a ry  Damper Attached 

MSS Removed w i t h  Primary 45.0  63.2 32.5 
Damper Attached 

Launch Veh ic l e  F u l l y  Loaded 45.0 63 .2  32.5 
wi th  Damper Released 

Launch Release Winds 20.0  28 .0  1 4 . 4  
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b. Space Vehic le  Func t iona l  Sequence - During t h e  t i m e  p e r i o d  

s p e c i f i e d  i n  t h e  fo l lowing  t a b l e ,  t h e  l i s t e d  f a i l u r e  w i l l  

r e q u i r e  t h e  a s s igned  a c t i o n :  

Time F a i l u r e  Action 

T-15 min (1) Malfunct ion  of t h e  L/V guidance Hold and 
t o  and c o n t r o l  system. (mandatory) repair .  I f  a 
T-8 rnin (2) Loss of any of t h e  fo l lowing  hold  of an 

- 

t e l eme t ry  l i n k s  o r  m u l t i p l e x e r s :  accumulated 
TM l i n k  CP-1 (mandatory) t i m e  of 5 min 

CF-1 (mandatory) i s  exceeded, 
CF-2 (mandatory) r e c y c l e  t o  
CF-3 (mandatory) T-20 rnin f o r  
CS-1 (mandatory) S-IVB t h r u s t  

Mu 1 t i p  l e x e  r A 1  (mandatory) chamber 
A2 (mandatory warmup. 
A3 (h igh ly  d e s i r a b l e )  
BO (mandatory) 

(3) Malfunction of L/V p r o p e l l a n t  
d i s p e r s i o n  system. ( a l l  s i x  
t r a n s d u c e r s  are mandatory) 

( 4 )  Loss of ground ECS cond i t ioned  
a i r  and GN2 t o  t h e  S/V. 
(mandatory) 

(5) Malfunction of t he  EDS. (mandatory) 
( 6 )  Malfunction of t h e  L/V h y d r a u l i c  

( 7 )  F a i l u r e  t o  meet any S/V r e d l i n e  
charg ing  u n i t s  (1 of 2 mandatory) 

c o n d i t i o n  a p p l i c a b l e  t o  t h i s  t i m e  
pe r iod .  (mandatory) 

(8) Loss of any mandatory o r  more than 
one r e l a t e d  h igh ly  d e s i r a b l e  
measurement a p p l i c a b l e  t o  t h i s  
t i m e  p e r i o d .  (mandatory) 

(9)  Mal func t ion  of t h e  L / V  t a p e  
r e c o r d e r s .  ( a l l  5 are h igh ly  
des i r ab l e )  

T-8 min Same as 1 through 9 above. 
t o  
T-3 min 
7 s e c  

Hold and 
r e p a i r .  I f  a 
ho ld  of an 
accumulated 
t i m e  of 2 m i n  
i s  exceeded, 
r e c y c l e  t o  
T-20 rnin f o r  
S-I1 t h r u s t  
chamber 
w armup . 
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T-3 rnin (1) 
7 sec t o  
T-19 sec (2) 

(3) 

( 4 )  

( 7 )  

F a i l u r e  Act ion 

Malfunct ion of t h e  L/V guidance Cutof f ,  r e c y c l e  
and c o n t r o l  system. (mandatory) t o  T-20 rnin and 
L o s s  of any of t h e  fo l lowing  r e p a i r .  
t e l e m e t r y  l i n k s  o r  m u l t i p l e x e r s :  
TM l i n k  CP-1 (mandatory) 

CF- 1 (mandatory) 
CF-2 (mandatory) 
CF-3 (mandatory) 
CS-1 (mandatory) 

Mul t ip lexer  A 1  (mandatory) 
A2 (mandatory) 
BO (mandatory) 

Malfunct ion of L/V p r o p e l l a n t  
d i s p e r s i o n  sys  t e m .  ( a l l  s i x  
t r an  s duce r s are mand a t o  r y ) 
L o s s  of ground ECS condi t ioned  
a i r  and GN2 t o  t h e  S/V.  
( mand a t o r y  ) 
Malfunction of t h e  EDS. 
(mand a t o r y) 
Malfunction of t h e  L/V h y d r a u l i c  
charg ing  u n i t s .  (1 of 2 
mandatory ) 
F a i l u r e  t o  m e e t  any S/V r e d l i n e  
c o n d i t i o n  a p p l i c a b l e  t o  t h i s  
t i m e  per iod .  (mandatory) 

T-19 sec Same as 1 through 7 above. 
t o  
T-11  sec 

Cutof f ,  s c r u b  
and repair .  

c. Hold Cri ter ia  - During hold ,  t h e  fo l lowing  r e s t r i c t i o n s  must 

be imposed upon t h e  space v e h i c l e :  

T i m e  - Action 

From T-15 min An accumulated hold of 5 rnin 
t o  T-8 min maximum can be t o l e r a t e d  a t  

t h e  s t a r t  of S-IVB t h r u s t  
chamber chil ldown. I f  t h e  
hold exceeds 5 rnin, r e c y c l e  
t o  T-20 min. A warmup 
p e r i o d  of 10 min i s  requi red  
i f  r e c y c l e  i s  employed. 
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5, l .  3 Launch Vehic le  Requirements 

The launch v e h i c l e  requi rements  as r e q u i r e d  by DAC are comprised of 

the fo l lowing:  

a. Redl ines  

b. Cr i t ica l  F l i g h t  Con t ro l  Measurements 

c. C r i t i c a l  Telemetry Systems. 

These requirement? are desc r ibed  i n  t h e  fo l lowing  paragraphs .  

5.1.3.1 Redl ines  

Redl ines  are minimum and /o r  maximum va lues  t h a t  s p e c i f y  l i m i t s  of 

a c c e p t a b l e  ope ra t ion .  The pre launch  o p e r a t i o n s  pe r iod  o r  countdown 

cannot be completed i f  t h e  c o n d i t i o n s  s p e c i f i e d  are not m e t .  The launch 

miss ion  r u l e s  d e f i n e  a l l  r e d l i n e s  as mandatory. The measurements 

moni tor ing  t h e  parameters wi th  r e d l i n e  l i m i t s  are l i s t e d  i n  t a b l e  5-1 

w i t h  t h e i r  l i m i t s ,  expected va lues  and a p p l i c a b l e  t i m e  pe r iod .  Each 

r e d l i n e  measurement must be monitored on a s t r i p  c h a r t  i n  t h e  blockhouse. 

5.1.3.2 C r i t i c a l  F l i g h t  Con t ro l  Measurements 

C r i t i c a l  f l i g h t  c o n t r o l  measurements ( t a b l e  5-2) are implemented f o r  

r e a l t i m e  f l i g h t  c o n t r o l  of t h e  mission. It i s  r e q u i r e d  t h a t  

t h e s e  e lements  be o p e r a t i o n a l  d u r i n g  the  f i n a l  p a r t  of t h e  countdown, 

i n  compliance w i t h  the  a s s igned  ca t egory ,  or s u c c e s s f u l  completion of 

t h e  primary miss ion  w i l l  be j eopa rd ized .  

5.1.3.3 Cr i t i ca l  Telemetry S y s t e m s  

The p ropu l s ion  system performance a n a l y s i s  i s  cons idered  a primary f l i g h t  

o b j e c t i v e  f o r  t h e  AS-502 mis s ion ,  which emphasizes t h e  importance of t h e  

p o s t f l i g h t  engine  a n a l y s i s .  The S-IVB-502 s t a g e  in s t rumen ta t ion  i s  

conf igured  such t h a t  c e r t a i n  key d a t a ,  r e q u i r e d  f o r  eng ine  a n a l y s i s ,  may 

be ob ta ined  only from the  FM/FM p o r t i o n s  of l i n k s  CF-1 o r  CF-2. 

c o n s i s t e n t  w i th  t h e  requirement f o r  engine  a n a l y s i s ,  Douglas r e q u i r e s  

t h a t  t e l eme t ry  l i n k s  CF-1 and CF-2 be  mandatory f o r  t h e  S-IVB-502 s t a g e ,  

and l i n k  CF-3 be h igh ly  d e s i r x b l e .  

To be 
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The A 1  and A2 m u l t i p l e x e r s  provide  t h e  m a j o r i t y  of t h e  d a t a  used f o r  

f l i g h t  e v a l u a t i o n  and t h e r e f o r e  are mandatory. 

used p r i m a r i l y  f o r  ground checkout and t h e r e f o r e  i s  n o t  cons idered  

mandatory by t h e  launch miss ion  r u l e s .  

The A 3  m u l t i p l e x e r  i s  

Douglas recommends t h a t  t h e  t a p e  r e c o r d e r  be  c a t e g o r i z e d  as h i g h l y  

d e s i r a b l e ,  based upon d a t a  requirements  d u r i n g  flame a t t e n u a t i o n  e f f e c t s  

a t  engine s t a r t ,  and t h e  importance of cont inuous v e n t ,  maneuvering, 

A P S ,  and b o i l o f f  d a t a  dur ing  o r b i t a l  f l i g h t .  

T o t a l  Douglas te lemet ry  requirements  f o r  t h e  S-IVB-502 s t a g e  are as 

fo l lows:  

a. The PCM/FM l i n k  CP-1 i s  mandatory 

b.  The PAM/FM l i n k s  CF-1 and CF-2 are mandatory 

c. The PAM/FM l i n k  CF-3 i s  h i g h l y  d e s i r a b l e  

d. The SSB/FM l i n k  CS-1 i s  h i g h l y  d e s i r a b l e  

e .  The BO m u l t i p l e x e r  ( v i a  I U )  i s  mandatory 

f .  The A 1  and A2 m u l t i p l e x e r s  are mandatory 

g.  The A 3  m u l t i p l e x e r  i s  h i g h l y  d e s i r a b l e  

h. The t a p e  r e c o r d e r  i s  h i g h l y  d e s i r a b l e .  

These requirements  w i l l  c o n t i n u a l l y  be reviewed and coord ina ted  w i t h  t h e  

cognizant  MSFC l a b o r a t o r i e s .  I n  t h e  e v e n t  t h a t  S-IVB s t a g e  o r  miss ion  

requirements  should change, t h e s e  requirements  w i l l  be r e v i s e d  and 

updated as r e q u i r e d .  

5.2 Backup Redl ines  

Backup r e d l i n e s  are s u b s t i t u t i o n s  f o r  r e d l i n e  measurements i n  t h e  e v e n t  

t h e  r e d l i n e  measurement becomes f a u l t y .  These measurements are t o  b e  

used only af ter  a c a r e f u l  i n v e s t i g a t i o n  and assessment of d a t a  has  

e s t a b l i s h e d  the primary measurement t o  b e  unacceptable .  The backup 

b 

measurements are n o t  cons idered  as a l t e r n a t e s  n o r  cons idered  w i t h  the 

same confidence as pr imary r e d l i n e s  The backup r e d l i n e  measurements 

are l i s t e d  i n  t a b l e  5-3. 
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For r e d l i n e s  t h a t  have backups,  a t  least  one backup f o r  each of t h e s e  

r e d l i n e s  should  be monitored i n  t h e  blockhouse a t  KSC o r  a t  t h e  C e n t r a l  

I n s t r u m e n t a t i o n  F a c i l i t y  (CIF) e 

I f  a r e d l i n e  va lue  i s  exceeded dur ing  au tomat ic  sequence, a hold  i s  

imposed, t h e  countdown i s  r e v e r t e d  t o  T -20 min and t h e  d e c i s i o n  t o  

implement t h e  backup r e d l i n e  i s  made. 

5 .3  B l u e l i n e s  

B l u e l i n e s  are maximum and/or  minimum v a l u e s  of a parameter  which, i f  

exceeded, s h a l l  r e s u l t  i n  an epgineer ing  judgment as t o  whether t h e  

countdown w i l l  be completed wi thout  c o r r e c t i v e  a c t i o n .  The measurements 

monitor ing b l u e l i n e s  a r e  l i s t e d  i n  t a b l e  5-4. 

B l u e l i n e s  have n o t  been inc luded  i n  t h e  Launch Mission Rules document i n  

t h e  p a s t .  

The b l u e l i n e  phi losophy and l i m i t s  are implemented by i n s t r u c t i o n s  from 

t h e  d e s i g n  t e c h n o l o g i e s  t o  t h e  i n s t r u m e n t a t i o n  observers .  Under no 

c o n d i t i o n  should  exceeding a b l u e l i n e  r e s u l t  i n  a hold o r  s c r u b  of a 

launch w i t h o u t  t h e  consent  of t h e  Launch D i r e c t o r .  

It is  planned t o  monitor a l l  b l u e l i n e s  i n  t h e  blockhouse a t  KSC o r  a t  

t h e  CIF by s t r i p  c h a r t  o r  "page format ."  
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TABLE 5-2 (Sheet 1 of 2) 
CRITICAL FLIGHT CONTROL MEASUREMENTS 

MEASUREMENT 
NO.  

COOO3-403 

COOO4-403 

COO50-401 

COO51-403 

D0001-401 

DO00 2 - 40 3 

DO00 3-4 0 3 

D0014-403 

DO0 16  -42 5 

D0017-401 

D0019-401 

D0020-403 

DO035414 

D0036-415 

D0041-403 

D0042-403 

D0044-403 

D0045-403 

00087-403 

DO0 8 8-40 3 

DO17 7-410 

D0178-410 

D O 1  7 9 -42 4 

DO 180-42 4 

TITLE 

Temp, Fuel  Pump I n l e t  

Temp, Oxid izer  Pump I n l e t  

Temp, Hydraul ic  Pump I n l e t  O i l  

Temp, Reservoi r  O i l  

P r e s s ,  Thrus t  Chamber 

P r e s s ,  Fuel  Pump I n l e t  

P r e s s ,  Oxid izer  Pump I n l e t  

P r e s s ,  Cont ro l  H e  Reg Discharge 

P r e s s ,  Cold Helium Sphere 

P r e s s ,  GH2 S t a r t  B o t t l e  

P r e s s ,  Engine Cont ro l  H e  Sphere 

P r e s s ,  Fue l  Tank H e  B o t t l e  Repress 

P r e s s ,  A t t  Cont ro l  He P r e s s  Tank 1 

P r e s s ,  A t t  Cont ro l  H e  P r e s s  Tank 2 

P r e s s ,  Hydraul ic  System 

P r e s s ,  Reservoi r  O i l  

P r e s s ,  Engine Actua tor  P i t c h  D i f f e r n t i a l  

P r e s s ,  Engine Actua tor  Yaw D i f f e r e n t i a l  

P r e s s ,  H e  Repress  Sphere 4 G a s  

P r e s s ,  LOX Tank Repress Spheres  

P r e s s ,  Fue l  Tank Ul lage  EDS 1 

P r e s s ,  Fuel Tank Ullage EDS 2 

P r e s s ,  Oxid Tank Ul lage  EDS 1 

P r e s s ,  Oxid Tank Ul lage  EDS 2 

CATEGORY 

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Mandatory 

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

Highly D e s i r a b l e  

1 of 2 Mandatory 

1 of 2 Mandatory 
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TABLE 5-2 (Sheet 2 of  2) 
CRITICAL FLIGHT CONTROL MEASUREMENTS 

MEASUREMENT 
NO. 

DO181-409 

D0182-409 

D0220-414 

DO22 1-414 

F0004-424 

F0005-42 4 

GOOO1-403 

GOOO2-403 

G0010-401 

KOOO1-4 10 

KOOO2-424 

KO151-411 

K0154-411 

KO 155 -41 1 

KO158-401 

KO159-401 

LOOO7-403 

MOO 10 - 4 1 1 

MOO16-411 

MOO22-404 

TITLE 

I P r e s s ,  Fue l  Tank Continuous Vent 1 

P r e s s ,  Fue l  Tank Continuous Vent 2 

P r e s s ,  U 1 1  Cont ro l  Chamber 1-4 

P r e s s ,  U11 Contro l  Chamber 2-4 

Flowrate ,  Oxid izer  R e c i r c u l a t i o n  Pump 

Flowra te ,  Fue l  R e c i r c u l a t i o n  Pump 

P o s i t ,  Actua tor  P i s t o n  Pot  P i t c h  

P o s i t ,  Actua tor  P i s t o n  Pot  Yaw 

P o s i t ,  PU System Ra t io  Valve 

Event, Fuel  Tank Vent Valve - Closed 

Event, Oxid Tank Vent Valve - Closed 

Event,  PU Oven ON I n d i c a t i o n  

Event,  R e l i e f  OVRD SOV LH2 Tank - Closed 

Event, O r i f i c e  SOV Cont V t  LH2 Tank - 
Closed 

Event, M/S OK P r e s s  Sw 1 Depress 

Event, M/S OK P r e s s  Sw 2 Depress 

Level, Rese rvo i r  O i l  

Vo l t  - Fue l  Bo i lo f f  B i a s  S i g n a l  

Vol t  - Output Fwd B a t t e r y  No.  1 

Current  - Load A f t  B a t t e r y  No. 2 

CATEGORY 

1 of 2 Mandatory 

Mandatory 

Mandatory 

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Mandatory 

Highly Des i r ab le  

Highly D e s i r a b l e  

Mandatory 

Highly Des i r ab le  

Highly Des i r ab le  

Highly Des i r ab le  

Highly Desirz-b l e  

Highly D e s i r a b l e  

Mandatory 

Highly D e s i r a b l e  

Highly Des i r ab le  
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MAXIMUM TIME REMAINING TO LIFTOFF (MIN) 

NOTE: PRESSURE MEASUREMENTS MUST BE WDE DURING A PERIOD I N  WHICH 
THE AIR TEMPERATURE CAN BE ASSUMED RELATIVELY CONSTANT. 

EXAMPLE - FOR A PRESSURE DECAY RATE OF 16 PSI/HR OVER THE 
PRECEDING HOUR, AND AN INDICATION AIR SUPPLY TANK PRESSURE 
OF 315 PSIG, A COUNTDOWN HOLD MUST BE IMPOSED I F  THE 
SCHEDULED TIME TO LIFTOFF I S  MORE THAN 800 MIN FROM THE 
TIME THE MEASUREMENT I S  W E .  

FROM AUXILIARY HYDRAULIC PUMP A IR  TANK 
CHARGING TO T-11 SEC 

Figure 5-3. Auxiliary Hydraulic Pump Air Supply Tank Cr i t ica l  Limits 
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6 .  FLIGHT TEST MANAGEMENT 

This section defines the responsibilities of the Douglas Aircraft 
Company (DAC) relative to the data flow, flight test evaluation, and 

documentation of the S-IVB-502 stage flight test. 

6.1 Flight Test Responsibilities 

Douglas Aircraft Company (DAC) personnel will perform postflight 

evaluations of the S-IVB-502 stage at the following locations: 

a. Kennedy Space Center (KSC), Cape Kennedy, Florida 

b. Marshall Space Flight Center (MSFC), Huntsville, Alabama 

c. Douglas Missile & Space Systems Division (MSSD), Huntington 

Beach, .California. 

At KSC, DAC is represented by the Florida Test Center (FTC) Test 

Planning and Evaluation (TP&E) Committee; at Huntington Beach, DAC is 

represented by the DAC/HB TP&E Committee; and at MSFC, by the DAC/MSFC 
liaison t eam . 
The DAC/HB and DAC/FTC TP&E Committees consist of personnel assigned 

from Saturn Engineering sections and branches. Their functions are to: 

a. Coordinate postflight evaluation 

b. Provide information for all contractual documentation 

c. Coordinate test planning for future flights. 

The onsite quick-look postflight evaluation, consisting primarily of 

analog data evaluation, is performed by the DAC/FTC TP&E Committee, 

and the results are transmitted to: 

a. National Aeronautics and Space Administration (NASA), 

Kennedy Space Center 

b. DAC/HB TP&E Committee 

c. DAC/MSFC liaison team. 

The major postflight evaluation is conducted at DAC/HB and consists 

primarily of analyses from digital data. 
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All analyses conducted at DAC/FTC and DAC/HB are transmitted to the 

DAC/MSFC liaison team. This liaison team transmits information between 

DAC and MSFC, provides the MSFC Flight Evaluation Working Group (FEWG) 

with required information, and performs rapid analyses in response to 

FEWG requests. In addition, the liaison team participates in many of 

the MSFC postflight evaluations which contribute to, or parallel, DAC 

postflight evaluation efforts. 

6.2 Postflight Communication 

The following means of communication (figure 6-1) have been established 

to expedite transmittal of evaluation information: 

a. TWX communications between DAC/MSSD, DAC/MSFC, and DAC/FTC 

b. Facsimile communications between DAC/MSSD, DAC/MSFC, and DAC/FTC 

c. Data phone link between DAC/MSFC and DAC/MSSD 

Transmittal of classified material between DAC facilities by any of the 

above means is not authorized. A standard format is used for trans- 

mission of unclassified data by TWX or facsimile. 

To insure rapid and controlled data transmission between locations, it is 
highly desirable that all information be channeled through one coordinator 

of flight information at each location. 

6.3 Documentation 

DAC prepares and publishes certain documents for each S-IVB stage flight. 
The documents, listed in the approximate order in which they will be 

published, are as follows: 

Preflight 

a. DAC Drawing 1B43567, Saturn S-IVB-502 Instrumentation Program 

and Components L i s t  (reference 11) 

DAC Report No. DAC-56334, Douglas S-IVB Stage Data Acquisition 
Requirements Document for  Saturn V Flights (reference 12) 

c. DAC Report No. SM-46999, S-IVB-502 Stage Flight Test Plan 

b. 
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P o s t f l i g h t  

a. Quick-Look Assessment Report  (second morning fo l lowing  launch)  

b .  FTC Ground Systems Eva lua t ion  Report  (10 days) 

c .  FTC Pre l imina ry  F l i g h t  Evalua t ion  Summary (2  wk) 

d. Wr i t t en  Informal  Evalua t ion  Inpu t s  t o  MSFC/FEWG ( 2 8  days) 

e. DAC Report  No. SM-47005, S-IVB-502 Stage F Z i g h t  EvaZuation 
Report. (60  days) ( r e f e r e n c e  14) 

Desc r ip t ions  of t h e  con ten t s  are p resen ted  i n  the  fo l lowing  paragraphs.  

6 . 3 . 1  S a t m  S-IVB-502 Ins tmenta t ion  Program and Components Lis t  - 
ZB43567 ( r e f e r e n c e  11) 

This  drawing con ta ins  a l l  t h e  te lemet ry  measurements of t h e  S-IVB-502 

s t a g e .  A p a r t i a l  l i s t  of i t s  con ten t s  i s  as fo l lows:  

a. Measurement numbers 

b .  Component p a r t  numbers 

c. Reference des igna t ion  numbers 

d. Telemetry channel  coding d e f i n i t i o n s  

e. Measurement l i s t  

f .  Measurement matr ix  by area and f u n c t i o n  

g. Measurement l o c a t i o n s ,  i l l u s t r a t i o n s  and index. 

All s e c t i o n s  of t he  Ins t rumen ta t ion  Program and Components L i s t  are 

r e v i s e d  as necessa ry  t o  r e f l e c t  c u r r e n t  i n s t rumen ta t ion  informat ion .  

Revis ions are c o n t r o l l e d  by t h e  Sa tu rn  P r o j e c t  Of f i ce  - T e s t  a t  DAC/MSSD. 

6 . 3 . 2  Douglas S-IVB Stage Data Acquisition Requirements Docwnent for 
Saturn. V Flights - DAC-56334 ( r e f e r e n c e  1 2 )  

This  document d e s c r i b e s  t h e  d e t a i l e d  d a t a  r eques t ed  by DAC/MSSD f o r  

e v a l u a t i o n  of the  S-IVB s t a g e  of t h e  Sa tu rn  V f l i g h t s .  The reques ted  

d a t a  w i l l  be  provided  by KSC, Goddard Space F l i g h t  Center  (GSFC), 

and MSFC, 
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6.3.3 S-IVB-502 Stage  F l i g h t  Test P l a n ,  SM-46999 

The c o n t e n t s  of  t h e  S-IVB-502 Stage F l i g h t  Test  P l a n  are d e s c r i b e d  i n  

s e c t i o n  1, I n t r o d u c t i o n ,  of t h i s  document. This  document i s  prepared  

by t h e  DAC/MSSD TP&E Committee. 

6.3.4 Quick-Look Assessment Report (Second Morning Following Launch) 

Approximately f o r t y - e i g h t  hours  a f t e r  launch o r  as soon as s u f f i c i e n t  

d a t a  a r e  a v a i l a b l e ,  t h e  DAC/FTC TPGE Committee w i l l  TWX t o  DAC/MSSD, 

DAC/MSFC, and DAC/Manned S p a c e c r a f t  Center ,  Houston a quick-look evalua-  

t i o n  which w i l l  i n c l u d e  a b r i e f  d e s c r i p t i o n  of system performance, 

mission o b j e c t i v e  accomplishments, and any mal func t ion  which may have 

occurred.  This  w i l l  be f o r  i n t e r n a l  use only.  

6.3.5 FTC Ground Systems Evalua t ion  Report  (10 days) 

The DAC/FTC TP&E Committee w i l l  p r e p a r e  an e v a l u a t i o n  r e p o r t  of t h e  

performance of DAC/NASA-supplied GSE used i n  handl ing  p r o p e l l a n t s  f o r  

t h e  S-IVB a u x i l i a r y  propuls ion  system. T h i s  r e p o r t  w i l l  be t r a n s m i t t e d  

t o  KSC. 

6.3.6 FTC P r e l i m i n a r y  F l i g h t  Evalua t ion  Summary ( 2  wk) 

The DAC/FTC TP&E Committee w i l l  compile,  p u b l i s h ,  and d i s t r i b u t e  t h e  

Pre l iminary  F l i g h t  E v a l u a t i o n  Summary f o r  i n t e r n a l  use only approximately 

2 weeks a f t e r  launch.  I t  w i l l  be t h e  f i n a l  FTC e f f o r t  and w i l l  summarize 

t e s t  o b j e c t i v e s ,  d i s c u s s  p o s s i b l e  causes  of  mal func t ions ,  and recommend 

any c o r r e c t i v e  a c t i o n  r e q u i r e d .  

6 .3 .7  DAC InDuts t o  MSFC/FEWG 

The DAC/MSFC l i a i s o n  team w i l l  summarize t h e  r e s u l t s  of t h e  DAC/FTC 

f l i g h t  e v a l u a t i o n s  a s  they  are completed dur ing  t h e  f o u r  weeks subsequent 

t o  launch. These summaries, as  they become a v a i l a b l e ,  w i l l  be input  t o  

t h e  FEWG and w i l l  c o n s t i t u t e  t h e  DAC i n p u t  t o  t h e  MSFC Saturn  Vehicle  

F l i g h t  Evalua t ion  Report .  

I n  a d d i t i o n ,  44 days a f t e r  launch,  DAC w i l l  review i t s  p o r t i o n  of t h e  

FEWG r e p o r t  t o  ensure  t h e  t e c h n i c a l  accuracy and adequacy of e v a l u a t i o n .  
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6.3.8 S-IVB-502 S tage  F l i g h t  Eva lua t ion  Report  (60 days) 

S i x t y  days a f t e r  launch t h e  DAC/MSSD TP&E Committee w i l l  write,  p u b l i s h  

and d i s t r i b u t e  DAC Report No. SM-47005, S-ID-502 Stage Flight Evaluation 
Report. The d a t a  f o r  e v a l u a t i o n  w i l l  be r e q u i r e d  a t  DAC/MSSD 15 days 

a f t e r  launch ,  thereby  a l lowing  45 days f o r  p r e p a r a t i o n  of t h e  r e p o r t .  

T e n t a t i v e  e v a l u a t i o n  meetings and documentation schedules  are shown i n  

t a b l e s  6-1 and 6-2. A f l i g h t  e v a l u a t i o n  r e p o r t  o u t l i n e  d e l i n e a t i n g  t h e  

r e s p o n s i b l e  des ign  t echno log ie s  i s  p r e s e n t e d  i n  t a b l e  6-3. 
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TABLE 6-1 
TENTATIVE AS-502 FLIGHT EVALUATION MEETING SCHEDULE 

IAYS AFTER 
LAUNCH 

1 

6 

7 

13 

14 & 15 

20 

21 

27 

28 

29 

EVENT SCHEDULES 

Flight Review Meeting 

First "How-Goes-It" Meeting 

First General Evaluation Meeting 

Second "How-Goes-It" Meeting 

Second General Evaluation Meeting 

Third "How-Goes-I t " Meeting 

Third General Evaluation Meeting 

Fourth ''How-Goes-Itl' Meeting 

Summary Meeting 

S-IVB Stage Instrumentation Splinter Meeting 

MEETING 
LOCATION 

MSFC 

DAC/HB 

MSFC 

DAC /HB 

MSFC 

DAC/HB 

MS FC 

DAC/HB 

MSFC 

MS FC 
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TABLE 6-2 
EVALUATION AND DOCUMENTATION SCHEDULE FOR S-IVB-502 

STAGE FLIGHT EVALUATION REPORT 

DAYS AFTER 
LAUNCH 

0 

1 

7 

14 & 15 

15 

21 

26 

28 

29 

40 

, 4 4  

45 

47 

5 0  

53 

60 

EVENT 

Launch 

Support FEWG Flight Review Meeting 

Support FEWG First General Evaluation Meeting 

Support FEWG Second General Evaluation Meeting 

All Final Data Due at A3 

Support FEWG Third General Evaluation Meeting 

*First Inputs Due from Design Sections 

Written Informal Evaluation Inputs to MSFC/FEWG 
Report Due: Support FEWG Summary Meeting 

Support S-IVB Stage Instrumentation Splinter Meeting 

*All Final Evaluation Inputs Due for 60-Day Report 

Review of FEWG Flight Evaluation Report 

Management Review Copy to Reproduction 

Management Review Copy Distributed 

Management Review Comments Due 

Final Report to Reproduction 

Final 60-Day Evaluation Report Distribdted 

* A detailed outline will be published immediately after launch, 
indicating when inputs are due during the 26 to 40 day period. 
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TABLE 6-3 (Shee t  1 of 4) 
S-IVB-502 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECT I ON 
ENGINEERING 

SECTION 

1. INTRODUCTION . . . . . . . . . . . . . . . .  S-IVB P r o j e c t  

2. SUMMARY . . . . . . . . . . . . . . . . . .  S-IVB P r o j e c t *  

3. TEST CONFIGURATIONt 

3.1 S tage  Conf igu ra t ion  . . . . . . . . .  Propuls ion  

3.2 S tage  Modi f i ca t ions  . . . . . . . . .  S-IVB P r o j e c t  O f f i c e  

3.3 Ground Support  Equipment . . . . . . .  S-IVB P r o j e c t  O f f i c e  

4. SEQUENCE OF EVENTS 

4 .1  P r e d i c t e d  and Monitored T i m e s  . . FD&C 

4.2 T i m e  Bases . . . . . . . . . . . . . .  FD&C 

4.3 Ground Sequence of Events . . . . . .  E l e c t r o n i c s  

5. COUNTDOWN OPERATIONS 

5.1 Propu l s ion  System Checkouts . . . . .  
5.3 P r o p e l l a n t  and Pneumatic Loading . . .  

5.5 Environmental  Cont ro l  Systems . . . .  
5.6 T e r m i G a l  Countdown . . . . . . . . . .  
5.7 Holds . . . . . . . . . . . . . . . .  
5.8 Launch Environment . . . . . . . . . .  

5.2 Launch Vehic le  Tests . . . . . . . . .  
5.4 Launch Countdown . . . . . . . . . . .  

P r  opuls  i on  

Propuls ion  

Propuls ion  

Propuls ion  

S t ruc tu ra l /Mechan ica l  

Propuls ion  and E l e c t r o n i c s  

Propuls ion  

S-IVB P r o j e c t  O f f i c e  

6. CPIF . . . . . . . . . . . . . . . . . . . .  S-IVB P r o j e c t  O f f i c e  

6 .1  F l i g h t  Mission Accomplishment . . . . .  FD&C 

6.2 Telemetry Performance . . . . . . . .  E l e c t r o n i c s  

*Each Design Technology w i l l  summarize i ts  i n d i v i d u a l  areas. The S-IVB TP&E 
S e c t i o n  w i l l  i n s u r e  c o m p a t i b i l i t y  between t h e  v a r i o u s  ana lyses .  A s e p a r a t e  
anomaly summary w i l l  b e  developed by t h e  TP&E Committee. 

nominal p r e s s u r e  swi t ch  s e t t i n g s ,  and nominal r e g u l a t o r  s e t t i n g s .  S i g n i f i -  
c a n t  mod i f i ca t ions  t o  t h e  s t a g e  s i n c e  acceptance.  f i r i n g  are l i s t e d ,  i f  any. 

t I n c l u d e s  ser ia l  numbers of s i g n i f i c a n t  s t a g e  end i t e m s ,  o r i f i c e  s i z e s ,  
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TABLE 6-3 (Sheet  2 of 4 )  
S-IVB-502 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECT I O N  
ENGINEERING 

SECTION 

7.  TRAJECTORY . . . . . . . . . . . . . . . . .  FD&C 

7.1  

7 2 T r a j e c t o r y  S imula t ion  Analys is  

Comparison Between Actua l  and P r e f l i g h t  
P r e d i c t e d  T r a j e c t o r i e s  

8. MASS CHARACTERISTICS . . . . . . . . . . . .  Weight Cont ro l  

J 9. ENGINE SYSTEM 

9 . 1  Engine Chilldown and Condit ioning . e P r o p u l s i o n  

9.2 Engine Performance . . . . . . . . . .  Propuls ion  

9 . 3  Sequence of Events . . . . . . . . . .  Propuls ion  

9.4 Component Operat ion . . . . . . . . .  P r o p u l s i o n  

9.5 F l i g h t  S imula t ion  Analys is  . . . . . .  FD&C 

10. SOLID ROCKET PERFORMANCE . . . . . . . . . .  P r o p u l s i o n  

10 .1  Ul lage  Rockets 

10.2 R e t r o r o c k e t s  

11. O X I D I Z E R  SYSTEM . . . . . . . . . . . . . .  Propuls ion  

11.1 P r e s s u r i z a t i o n  Cont ro l  and 
I n t e r n a l  Environment 

11.2 Cold Helium Supply 

11 .3  Heat Exchanger 

1 1 . 4  LOX Chilldown 

11.5 Engine LOX Supply 

12. FUEL SYSTEM . a . a e . . e . . . . e Propuls ion  

12 e 1 P r e s s u r i z a t i o n  Cont ro l  and 
I n t e r n a l  Environment 

12.2 LH2 Chilldown 

. 12.3 Engine LH2 Supply 

13. AUXILIARY PROPULSION SYSTEM . . . . . . . .  P r o p u l s i o n  

13.1 A P S  Module No, 1 

13.2 A P S  Module No. 2 

13 .3  Engine Per f  onnance 
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14. 

15. 

16. 

17. 

18. 

19. 

20 e 

TABLE 6-3 (Shee t  3 of 4 )  
S-IVB-502 STAGE FLIGHT EVALUATION REPORT OUTLINE 

SECTION 
ENGINEERING 

SECTION 

PNEUMATIC CONTROL AND PURGE . . . . . . . .  Propuls ion  

14 .1  Ambient Helium Supply 

14.2 Pneumatic Cont ro l  

14.3 Ambient Helium Purges 

PROPELLANT UTILIZATION . . . . . . . . . . .  PU Analys is  Pane l  

15.1 P r o p e l l a n t  Mass His to ry  

15.2 PU System Analys is  

15.3 PU E f f i c i e n c y  

15.4 PU Valve Response 

S-II/S-IVB STAGE SEPARATION . . . . . . . .  FDdC 

16 .1  Sepa ra t ion  Distance 

16.2 S tage  Acce le ra t ions  and Angular 

16 .3  Relative Lateral Motion 

V e l o c i t i e s  

DATA ACQUISITION SYSTEM . . . . . . . . . .  E l e c t r o n i c s  

17 .1  Ins t rumen ta t ion  System 

17.2 Telemetry System 

ELECTRICAL SYSTEM . . . . . . . . . . . . .  E l e c t r o n i c s  

18.1 Electrical  Con t ro l  System 

18.2 Electr ical  Power System 

RANGE SAFETY SYSTEM . . . . . . . . . . . .  E l e c t r o n i c s  

19 .1  C o n t r o l l e r s  

19.2 F i r i n g  Uni t  Monitors 

19 .3  Receivers S i g n a l  S t r e n g t h  

FLIGHT CONTROL . . . . . . . . . . . . . . .  FD&C 

20.1  Main Engine Cont ro l  System 

20.2 R o l l  Con t ro l  During S-IVB 

20.3 S losh ing  

20.4 Body Bending 

Powered F l i g h t  
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TABLE 6-3 (Sheet 4 of 4) 
S-IVB-502 STAGE FLIGHT EVALUATION REPORT OUTLINE 

21. 

22. 

23. 

24. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

SECT ION 
ENGINEERING 
SECTION 

HYDRAULIC SYSTEM . . . a . . . . e e e . .Structural/Mechanical 
21.1 Hydraulic Systems Operation 

21.2 Servo Systems Operation . 

STAGE STRUCTURE AND ENVIRONMENT . a e . e Structural/Mechanical 

22.1 Flight Load Conditions 
and Structural Integrity 

22.2 Explosive Ordnance Equipment 

FORWARD SKIRT THERMOCONDITIONING . . . e . . Structural/Mechanical 

23.1 Temperature 

23 e 2 Pressure 

23.3 Flowrate 

AERO/THERMODYNAMIC ENVIRONMENT . * . . . . Aero/Thermodynamics 

24.1 Thermodynamic Environment 

24.2 Aerodynamics 

24.3 Component Heating 

APPENDICES 

MASS CHARACTERISTICS DATA (WS11) . . e . . . Weight Control 

ENGINE PERFORMANCE PROGRAM (AA89) . . . . a Propulsion 

FLOWMETER RECONSTRUCTION (G105) . . . . . . Propulsion 

ENGINE PERFORMANCE PROGRAM (F823) . . . Propulsion 

OBSERVED TRAJECTORY (AA83) . . . . . e . FD&C 

FLIGHT SIMULATED DATA (AC77) . . . . . . . . FD&C 

METEOROLOGICAL DATA a . . . e . . e a . . e DAC/FTC TP&E Committee 

GLOSSARY AND ABBREVIATIONS . . . e . . . . S-IVB Project 
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APPENDIX 1 

SEQUENCE OF EVENTS- 



1. SEQUENCE OF EVENTS 

This  appendix p r e s e n t s  t h e  p r e d i c t e d  AS-502 f l i g h t  sequence of even t s  

( t a b l e  AP 1-1). Seven pr imary t i m e  bases  and one a l t e r n a t e  t i m e  base  

are programmed t o  achieve  an optimum v e h i c l e  mission w i t h  s u i t a b l e  

s e q u e n t i a l  o p e r a t i o n  and t iming  of f l i g h t  events .  D e f i n i t i o n s  of t h e  

t i m e  bases  and symbols used are l i s t e d  i n  t a b l e  AP 10-1. 

The sequence of even t s  i s  based on the  Marshal l  Space F l i g h t  Center  

sequence requirements  as i n d i c a t e d  i n  t h e  I n t e r f a c e  Cont ro l  Document 

( r e f e r e n c e  6 ) ,  Def in i t i on  of Saturn SA-502 Fl ight  Sequence Program. 
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APPENDIX 2 

MASS CHARACTERISTICS DATA (WS11) = 



2, MASS CHARACTERISTICS DATA (WS11) 

This appendix conta ins  t h e  mass c h a r a c t e r i s t i c s  of t h e  S-IVB-502 s t age .  

This  information i s  presented  on d i g i t a l  p r i n t o u t s  which are outputs  

of t he  W S l l  computer program. 

Table AP 2-1 de f ines  t h e  terms and abbrev ia t ions  used i n  t h e  d i g i t a l  

p r i n t o u t s .  

Table AP 2-2 i s  an i temized l i s t i n g  of a l l  major S-IVB s t a g e  components 

( inc lud ing  a l l  p r o p e l l a n t s ,  gases ,  and components l oca t ed  above t h e  

S-IVB s t age )  and p resen t s  t h e  mass breakdown, c e n t e r  of g r a v i t y ,  and 

moments of i n e r t i a ,  inc luding  t h e  t o t a l  mass f o r  t h e  ind ica t ed  t i m e .  

I n  add i t ion ,  summaries of items j e t t i s o n e d  and i t e m s  remaining are 

presented  a t  the  appropr i a t e  t i m e  i n t e r v a l s  a 

Table AP 2-3 i s  a t i m e  l i s t i n g  of t h e  p red ic t ed  S-IVB-502 s t a g e  mass 

c h a r a c t e r i s t i c s .  

Figure AP 2-1 p resen t s  t h e  S-IVB-502 s t a g e  s t a t i o n  numbers; f i g u r e s  AP 2-2 

and AP 2-3 show t h e  p red ic t ed  S-IVB-502 s t a g e  mass and c e n t e r  of g rav i ty  

and m a s s  moment of i n e r t i a .  

The information contained i n  t h i s  appendix w a s  obtained from t h e  

fol lowing sources:  

a. 

b ,  

C. 

d. 

S-IVB-502 s t a g e  dry mass i s  based on the  Weight and Balance 

Log AS-502, da ted  16 February 1967. 

S-IVB payload (IU, adap te r ,  s e r v i c e  module and p r o p e l l a n t s ,  

common module, LM, and launch escape system) d a t a  as rece ived  

from MSFC, Saturn V/AS-502 Final Predicted Mass Characterist ics,  
Depletion Cutoff, ( r e fe rence  7) e 

S-IVB-502 p r o p e l l a n t  loading  i s  as presented i n  appendix 6. 

P rope l l an t  mass f lowra te s  are based on those  presented  i n  

appendix 5. 
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e. The v e h i c l e  coord ina te  system used conforms t o  s t anda rd  

coord ina te  system 9 ,  mass p r o p e r t i e s ,  as presented  i n  

Document SE008-001-1, Project  ApoZZo Coordinate System 
Standards, ( r e f e r e n c e  8).  
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TERM 

DAC 
S t a t i o n  

H A r m  

I t e m s  
J e t t i s o n e d  

I t e m s  
Remaining 

L A r m  

P i t c h  M O I  

TABLE AP 2-1 (Sheet 1 of 2) 
COMPUTER PROGRAM WSll PRINTOUT 
ABBREVIATIONS AND DEFINITIONS 

DEFINITIONS 

Distance along t h e  H a x i s  from an a r b i t r a r y  

S-IVB s t a g e  r e fe rence  zero.  The ze ro  s t a t i o n  

is  loca ted  so  t h a t  t he  S-IVB s t a g e  engine 

gimbal p o i n t  is  s t a t i o n  100.0. P o s i t i v e  va lues  

i n c r e a s e  i n  t h e  forward d i r e c t i o n  and nega t ive  

va lues  are a f t  of s t a t i o n  zero.  

Distance along t h e  c e n t e r l i n e  of t h e  S-IVB 

s t a g e  from the  c e n t e r  of g r a v i t y  of t he  i t e m  

under cons ide ra t ion  t o  DAC s t a t i o n  zero.  

A l i s t i n g  of a l l  items be ing  considered a t  t h e  

c u r r e n t  computing t i m e  t h a t  w i l l  no t  be con- 

s i d e r e d  a t  the  nex t  computing t i m e .  

A l i s t i n g  of a l l  i t e m s  be ing  considered a t  t h e  

c u r r e n t  computing t i m e  t h a t  w i l l  be considered 

a t  t h e  next  computing t i m e .  

Distance from t h e  c e n t e r  of g r a v i t y  of t he  

i t e m  under cons idera t ion  t o  t h e  c e n t e r l i n e  

of t h e  S-IVB s t a g e  along an a x i s  perpendicular  

t o  t h e  c e n t e r l i n e  and co inc id ing  wi th  

p o s i t i o n  I1 and I V .  P o s i t i o n  I1 i s  p o s i t i v e  

and p o s i t i o n  I V  i s  negat ive .  

Moment of i n e r t i a  of any i t e m  o r  t o t a l  about 

an axis through i t s  own c e n t e r  of g rav i ty  and 

p a r a l l e l  t o  t h e  V a x i s .  

UNITS 

In .  

I n  e 

None 

None 

In .  

2 Lbm-in . 
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TERM 

Pound 
Inches 
Square 

SLF 

SLG 

T i m e  

To ta l  
J e t t i soned  

To ta l  
Remaining 

V A r m  

Yaw M O I  

TABLE AP 2-1 (Sheet 2 of 2 )  
COMPUTER PROGRAM W S l l  PRINTOUT 
ABBREVIATIONS AND DEFINITIONS 

DEFINITIONS 

Moment of i n e r t i a  about t h e  cen te r  of g r a v i t y  

of each i t e m  o r  t o t a l  of i t e m s .  

Slug f e e t  squared 

Slugs 

T i m e  is  re ferenced  t o  range t i m e .  A l l  

computing w a s  done i n  the  pounds, inches ,  

and pound-inch squared system of u n i t s .  (I tems 

below the  TOTAL R E M A I N I N G  l i n e  were converted 

t o  o the r  u n i t  systems) .  Pound mass i s  def ined 

as 1 / 3 2 . 1 7 4  s l u g s .  

A summation of t h e  i t e m s  be ing  j e t t i s o n e d  a t  

t h e  cu r ren t  computing t i m e .  

A summation of t he  i t e m s  remaining a t  the  

cu r ren t  computing t i m e .  

Dis tance from the  cen te r  of g rav i ty  of i t e m  

under cons ide ra t ion  t o  t h e  c e n t e r l i n e  of t he  

S-IVB s t a g e  along an a x i s  perpendicular  t o  t h e  

H and L axes and co inc id ing  wi th  p o s i t i o n s  I 

and 111. P o s i t i o n  I is nega t ive  and p o s i t i o n  I11 

Moment of i n e r t i a  of any i t e m  o r  t o t a l ,  about 

an a x i s  through i ts  own c e n t e r  of g r a v i t y  and 

p a r a l l e l  t o  t h e  L axis. 

UNITS 

None 

None 

Se c 

None 

None 

I n  I 

3 

2 Lbm/in. 

L Lbm-in e 
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TABLE AP 2-2 (Sheet 1 of 10) 
PREDICTED MASS BREAKDOWN SUMMARY 

SEO 

1. 
2. 
3. 
4. 
1. 
91 

24. 
25. 
2bo 
271 
28. 
298 
3 0 .  
31. 
32. 
33. 
36. 

TIME 0.000 

O E S C R I P T I O N  

FROST 
,LAUNCH ESCAPE 
A F T  FRAME 
DETONATION PKG 
ULLAGE RKT GRN 
ULLAGS RKT CSE 
COMMAND MODULE 
S E R V I C E  MODULE 
SM PROPELLANT 
S L A  R I N G  
LUNAR NODULE 
AOAPTER l S L A l  
VEH f N S T  U N I T  
S 4 B S O Z  ORY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 

ITEMS REMAINIFX; 

!OUNO l N C H t S  S P U A R I )  1 

TOTAL JETTISONED 8660.00 1512.00 0.0 -0 .5 r30380396 07 r11381257 09 e11377217 09 

S L f  
.65573068 03 

S L F  S L F  
024965313 05 924556743 05 

24, 
20. 
2b. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 

COMMkNO MODULE 
S E R V I C E  MOOULE 
SM PROPCLLANT 
SLA R I N G  
LUNAR MODULE 
AOAPTER ( S L A I  30 10.00 
VliH INST U N I T  4763.00 
$ 4 8 5 0 2  DRY STG 26164.75 
LOX ULLAGE GAS 39.00 
LOX I N  TANK 192906.00 

TOTAL R E H A I N I N G  353209.39 

MASS 

(POUNOS I 

300.00 
(1660.00 

47.71 
4.75 

122.00 
129.79 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
39.80 

192906.00 
13.00 

I T A 1  

n. ARH P I T C H  YAY 1 
420.40 

1512.00 
200.70 
200 B 60 
225.80 
222.60 

1250.20 
l l23 .10  
1114.90 
1047.70 
790.90 
850.30 
698.90 
324.85 
318.26 
241.78 
135.00 
136.00 
72.20 

64b.79 
435.42 
187.91 
72..20 

694.30 
494.30 
246.20 
246.20 
246.20 
153.30 
18.40 

127.20 
b62.70 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.2 

-0.6 
4.9 
0.6 
0.9 
0 .1  
0.0 
6.4 
000 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 

1.8 
-1.0 

0.0 
0.0 

-22.0 
14.2 
0.0 

0 .0  
-0.5 
0.0 
0.0 
0.0 
0.0 
9.9 
1.3 

-2.0 
-1.8 

0.0 
-1.0 
-9.9 

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

140.3 
140.3 

0.0 
0.0 

14.6 
9.3 
0.0 

-2.8 

050778029 01  
,30380396 07 
.10258189 Ob 
e79904924 OS 
r23912000 01 
0 2 5 4 1 8 8 4 0  07 
.28379231 OB 

.4341bZb9 07 

.11381257 09 

.36746671 Ob 
oJbk9b898 05 
.24703000 Ob 
,2b282471 Ob 

,97939849 OS 
,26830439 OB 
+8214L246 08 
.5121119b 08 
03806?610 OB 
e l l498030 l o  
,00000000 00 
,00000000 00 
.29250000 04 

. ~ 1 e z 6 4 z s  ~49103039 08  OB 

145416269 07 
el l377LB7 09 
a56746b71 06 
156696898 05 
0214509b9 07 
,22820663 07 
a21129338 08 

24b.00 
108.00 
37.60 

42445.00 
38.00 
10.00 

165.00 
161.00 
311.00 

139aILH2 I N  L I N E S  .4805151b 05 
r95790439 04 
.11168489 Ob 
r l S l 6 8 4 8 9  Ob 
.11227100 Ob 43. APS pnop FP 1 I 4 4 . I A P S  PROP F P  3 311.00 

3.00 
(11.00 

5.00 
30.00 
43.00 

.3906090b 05 
,33193332 06 I 6 9 t l E N V  CUNT F L U 1 0  ;bb116800 Ob 

I I T O T A L  R E Y A I N I N G  lb2169.39 498.53 1.1 -0.4 - 

TIME 

,52445398 11 .S4442030 11 1 
S L F  

e14292289 06 
14.500 

S L F  
,11519818 00 

S W R Y  PRINTWT 

1. FROST -0.00 420 .40  0 0 0 0 -~OOOOOOOO 00 -~00000000 00 *~00000000 00 I 2 . l LAUNCH ESCAPE I 8660.00 I 1512.00 I 0 : O  I -0:s I ,30380396 07 I 111381217 09 I a11377287 09 1 

TIME 184.500 ITEMS REMAINING S W R Y  PRINTWT 

3.  AFT FRAME 
4.  DETONATION PKG 
8. ULLAGE RYT GRN 
9. ULLAGE RKT CSE 

M o l  IPOUNO INCHES SQUARE1 S T I T I O N I I N C H E S )  

LaARM 

0 .0  
0.0 
0.0 
0.0 
0.2 
-0.6 

4.9 
0.6 
0.9 
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6 .4  
0.0 
0.0 
0.0  

-59 9 
0.0 
86.3 

113.8 
1.11 

-1.8 
0.0 
0.0 

-22.0 
1402 
0.0 

- V t A R M  

010 
0.0 
0.0 
0.0 
5.9 
1.3 

-2.0 
-1.8 
0.0 

-1.0 
-9.9 
.2.8 
0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64. I )  
0.0 

-75.6 
20.0 

160.3 
140.3 

0.0 
0.0 

10.6 
9.3 
0.0 

- P I T C H  

.96946b7k Ob 
r56496896 05 
.2410500P Ob 
,262112475 Ob 
,25826425 08 
.49105059 08 

,26830439 Ob 
,82741246 08 
.47211156 08 
*3806?b10 08 
011498030 10 
,00000000 00 
.oooooooo 00 
~29Z50000 04 
.22710616 03 
abOZJ3674 05 
,00000000 00 
.21962102 09 
041105151b 09 
~59790439 04 
~131b1488 Ob 
.15168489 06 
e11227100 Ob 
~ 1 1 2 2 7 1 0 0  06 
,00000000 00 
r99225000 09 
,00000000 00 
0?19060906 05 
,33193332 Ob 

*97935849 on 

ROLL 

.80258189 Ob 
179904924 OS 
.23912000 01 
, 2 9 4 3 8 8 4 0  07 
.292IO9llb ,28179231 08 08 

,93628951 08 
.?LO301117 Ob 
.b12Ob04T 08 
.42229576 08 
e71498101 OB 
,3001?643 09 
.oooooooo 00 
.oooooooo 00 
.18720000 04  

(POUNOSI  

47.71 

122.00 
129.79 

YAW 

e96746671 Ob 
.96496896 05 
rZ1450967 07 
~ 2 2 8 2 0 6 6 5  07 

,67497512 08 
.13002603 09 
e23473304 Ob 
.72504080 08 
.13911367 08 
a36843159 OB 
011404976 10 
.oooooooo 00 
~00000000 00 
e29230000 04 
e22718616 05 
~60253614  09 
,00000000 00 
,21962102 09 
e48051916 OS 
0151684B9 eJS790439 04  06 

alJ1b1419 Ob 
~ 1 1 2 2 7 1 0 0  Ob 
.11227100 Ob 
.oooooooo 00 
*99225000 O S  
,00000000 00 
~25966092 OS 

.ziaz933e 08 

. 3 3 i m a z  ob 

e43210263 11 

He ARM 

200.70 
200.60 
225.80 
222.60 

1230.20 
1123.10 
11 14.90 
1047.70 

790.90 
850.30 
698.90 
324.85 
311,Zb 
241.78 
155.00 
136.80 
72.20 

(46.79 
453.42 
187.91 
72.20 

495.30 
494.30 
246.20 
24b.20 
146.20 
153.50 
88.40 

127.20 
662.70 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 

13.00 
24b.00 
108.00 

57.60 

; i z i i i b i b  09 
,13049182 Ob 
,00000000 00 

I 3 B . I L H Z  I N - T A N K  I 42445.00 ,00000000 00 
146993827 05 
.1208257b 01 
,00000000 00 
,00000000 00 
~ 1 3 7 1 5 1 0 0  Ob 
~ 1 3 7 1 5 1 0 0  Ob 
,00000000 00 
.20290000 06 
,00000000 00 
,43548299 OS 
.bbllbBOO Ob 

38.00 
10.00 

165.00 
165.00 

I 4 3 . l A P S  PROP F P  1 I 311.00 
311.00 I 3.00 

81.00 
5.00 

4 1  S E R V I C E  I T E M S  30.00 
1 4 9 : I E N V  CON1 F L U I D  1 43 .00  

473.75 1.1 -0 .4  t b S 4 0 4 3 0 0  09 ,63213601 11 

SLC 
,14116869 Ob 

SLF 
193L72270 07 

SLF 
r93Pb1061 07 
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TABLE AP 2-2 (Sheet 2 of 10) 
PREDICTED MASS BREAKDOWN SUMMARY 

MASS S T A T I O N ( 1 N C H E S I  

SEQ O € S C R l P T l O N  (POUNDS) H. ARM L - A R M  V,ARM 

3. AFT FRAHE 47.71 200.70 0.0 0.0 
4. DETONATION PKG 4.75 200.60 0.0 0.0 

TOTAL J L T T I S O N E O  52.46 200.69 0.0 0.0 

N O 1  (POUND INCHES SQUARE) 

ROLL P i r c n  YAW 

,80258189 Ob ,56746671 Ob ,56746671 Ob 
,79904924 03  ,56696896 05 ,56496896 05 

,88248681 Ob ,62396366 Ob ,62396366 Ob 

8. 
91 

24. 
25. 
26. 
27 .  
281 
29. 
30. 
31. 
32. 
33 .  
34. 
35. 
36. 

38. 
39. 
40. 
41. 

37. 

ULLAGE RKT GRN 
ULLAGE RKT CSE 
COMHANO HOOULE 
SERVICE MOOULE 
SM PROPELLANT 
SLA R I N G  
LUNAR MUDULE 
AOAPTER I S L A )  
VEH I N S T  U N I T  
546502 U R V  STC 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 

LHZ I N  TANK 
LHZ I N  L I N E S  
LHZ I N  ENGINE 
COLD HE QUAO 1 

L H ~  ~ J L L A G E  G A S  

45. 
4 6 .  
47. 
48. 
49. 

APS H E L I U M  
H E L I U M  REPRESS 
GHZ I N  STARTNK 
SERVICE I T E M S  
ENV CUNT F L U I D  

1 MASS I S T A T I O N ( 1 N C H E S )  MOI (POUND INCHES SQUARE) 

SEQ 

8.  
9 ,  

24. 
25. 
26. 
2 7 .  
28. 
291 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39,  
40. 
41. 
42. 
4 3 .  
44. 
4 5 .  
46 .  
47. 
48. 
49, 

D E S C R I P T I O N  

ULLAGE R K T  GUN 
ULLAGE RKT CSE 
COMMANO HOOULE 
SERVICE HOOULE 
SM PROPELLANT 
SLA R I N G  
LUNAR MOOULE 
AOAPTER ( S L A )  
VEH I N S T  U N I T  
S46502 DRY STG 26164.75 324.85 
LOX ULLAGE GAS 39.80 318.26 
LOX I N  TANK 192906.00 241.78 
LOX I N  PORTS 13.00 155.00 
LOX I N  L I N E S  246.00 136.80 
LOX I N  ENGINE 108.00 72.20 
LH2 ULLAGE GAS 57.60 646.79 
L H 2  I N  TANK 42445.00 453.42 
LH2 I N  L I N E S  38.00 187.91 
LH2 1 N  E N G I N E  10.00 72.20 
COLO HE QUAO 1 165.00 494.30 
COLO HE QUAD 2 165.00 494.30 
APS PROP F P  1 311.00 246.20 
APS PROP F P  3 311.00 246.20 
APS H E L I U M  3.00 246.20 
H E L I U N  REPRESS 81.00 153.50 
G H 2  I N  STARTNK S.00 6 8 . 4 0  
SERVICE I T E M S  30.00 127.20 
ENV CUNT F L U I O  43.00 662.70 

P I T C H  YAW 

, 22734585  06 
* 2 6 2 8 2 4 7 5  Ob 
.25626425 08 

$19757452 07 
. 2 t820663  07 
,21829338 08 
.47457562 OS 
.13002603 09 
, 23673304  Ob 
.72904880 08 
.Sf1911367 08 
,34843159 08 
.11404976 10 
.oooooooo 00 
.oooooooo 00 
.29240000 04  
022718616 05 
.bo293674 05 
,00000000 00 
021962102 09  
,48051516 0 5  
.53790439 04 
,15168489 Ob 
.15168489 Ob 
.11227100 Ob 
,11227100 Ob 
,00000000 00 
.99225000 05 
,00000000 00 
,25966092 05 
e33193332 O b  

-2.0 
-1.8 

0.0 
-1.0 
-9.9 
-2.8 

0.0 
0.0 

10.0 
9,9 
0.0 
0.0 
010 

-64 .8  
0.0 

-75 .6  
20.0 

$140.3 
140.3 

0.0 
0.0 

14.6 
9.3 
0.0 

-0.4 

,93628951 08 
.50301517 Ob 
,61206047 08  
,42229576 08 
,71498107 08 
~ 3 0 0 1 7 6 4 5  09  
,00000000 00 
tOOOOOOO0 00 
r18720000 04  
,22718616 05  
,13049182 Ob 
,00000000 00 
.oooooooo 00 
$44993827 O S  
,12082376 05  
~00000000 00 
,00000000 00 
,13715100 Ob 
. I3713100 Ob 
ooooooooo 00 
,20250000 Ob 
.OOOOOOOO 00 
,43548299 05  
r66116800 Ob 

,65297165 09  

SLF 
.14093745 Ob 

TOTAL R E M A I N I N G  353147.30 473.79 

ITEMS REMINING TIME 522.400 S-II/S-IVB SEPARATION 

MOI (POUND INCHES SQUARE) S T A T I O N I I N C H E S )  MASS 

(POUNDS) 
- 
V,ARH 

0.0 
0.0 
5.9 
1.3 

-2.0 
-1.8 

0.0 
-1.0 
-9.9 
-2.8 

0.0 
0.0 
10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

- 7 5 . 6  
20.0 

140.3 
140.3 

0.0 
0 .0  

14.6 
9.3 
0.0 

- 
- 
L I ARM H. ARM ROLL P I T C H  YAW 

118.79 
129.19 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
39.80 

192906.00 
13.00 

246.00 
101).00 

57.60 
42445.00 

38.00 
10.00 

165.00 
165.00 
311.00 
311.00 

3.00 
81.00 

5.00 
30.00 
43.00 

225.80 
222.60 

1250. 20 
1123.10 
11 14 -90  
1047.70 
790.90 
850.30 
698 .90 ,  
324.85 
318.26 

’ 241.78 
155.00 
136.80 

72.20 
646.79 
455.42 
187.91 
72.20 

494.30 
494.30 
246.20 
246.20 
246.20 
153.50 

88.40 
127.20 
662.70 

0.0 
0.0 
0 . 2  

-0.6 
4.9 
0.6 
0 .5  
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 

1.8 
-1.8 

0.0 
0.0 

-22.0 
14.2 
0.0 

,23282746 07 
,25438840 07 
,28579231 08  
-29240986 08 
,93628931 08  
.50301S17 Ob 
,61206047 08 
,42229576 08 
,71498307 08 
,30017645 09 
.oooooooo 00 
.OOOOOOOO 00 
,18720000 04 
12271861b 05 
.13049182 Ob 
.oooooooo 00 
.oooooooo 00 
,44993827 05 
.12082576 05 
.oooooooo 00 
,00000000 00 
,13715100 06 
.13715100 Ob 

,26054878 Ob 
.26282475 06 
,25826425 08 

,97935849 08 
,26830439 Ob 

. m i 0 5 0 5 9  08 

~ 

,24886476 07 
,22820663 07 
,21829338 O B  
.47437562 08 
.13002603 09  
, 23473304  Ob 

.82741246 08 
,57211156 08 
.38067610 08 

172504880 08 
055911367 O B  
-34843159 08 

.11698030 10 

.oooooooo 00 
~ 0 0 0 0 0 0 0 0  00 
.29250000 04 
.22P18blb 05  
,60253674 0 5  
.oooooooo 00 
.21962102 09 
.C8051516 0 5  
,55790439 04  
,15168489 Ob 
*13168489 06 
,11227100 Ob 
,11227100 Ob 
,00000000 00 
,99225000 05 
*oooooooo 00 
.59060906 05 
,33193332 06 

e11404976 10 
rO0OOOOOO 00 
.oooooooo 00 
.292SOOOO 04 
,22718616 03  
,60253674 05 
.oooooooo 00 
e21962102 09 
-48051516 05 
*55790439 04  
,15168489 Ob 
.15168489 Ob 
.11227100 Ob 
.11227100 06 
.oooooooo 00 
.99225000 0 5  

4 2 .  COLD HE QUA0 2 
4 3 .  APS PROP F P  1 
44. APS PROP FP 3 

.oooooooo 00 

. 20250000  Ob 

.oooooooo 00 
,43548299 0 3  
~ 6 6 1 1 6 8 0 0  Ob 

,00000000 00 
,25966092 0 5  
,33193332 06 

353153.73 473.79 1.1 - -0.4 ,65309751 09 ,43208863 11 ,43205473 11 TOTAL R E M A I N I N G  

SLF 
,14096461 Ob 

S L F  
,93262040 07 

SLF 
,93254722 07 

5-IVB FIRST ENGINE START C W D  TIME 522.600 ITEMS REWINING 

I (POUNDS) I H. ARM LpAKM 

0.0 
0.0 
0.2 

-0.6 
4.9 
0.6 
0.5 
0.7 
0.0 
6 . 6  
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 

1.8 
“1,8 

0.0 
0.0 

-22.0 
14.2 

0.0 

- VeARM 1 ROLL 

112.37 225.80 1 129.79 1 222.60 
12200.00 1290.20 
9600.00 1123.10 

.22024191 07 
,25438840 07 

.491050.59 08 
,97935849 06 
,26830439 Ob 
,82741246 08 
,57211156 08 
.38067610 08 

.oooooooo 00 
*OOOOOOOO 00 
~ 2 9 2 5 0 0 0 0  06 
.227186lb 03 
,60253674 05 
.oooooooo 00 
021962102 09 
.68051516 05 
,55790439 04  
,19168489 Ob 
,15168489 06 
.11227100 06 
,11227100 06 
loooooooo 00 
,99225000 05  
,00000000 00 
,59060906 05 
,33193332 Ob 

. i i ” r a 0 3 0  i o  

1.1 r4320B453 1 1  ,43204964 11 
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TABLE AP 2-2 (Sheet 3 of 10) 
PREDICTED MASS BmAKDOWN SUMMARY 

STATION(1NCHES) 

END OF FUEL LEAD 

Mol (POUND lNCHES SQUARE) 

81  
91 
241 
25, 
26. 
27. 
281  
29. 
30, 

32,  
ll3. 
3 4 .  
351 
36. 
371 
3 8 ,  
39. 
4 0 .  
41 ,  
4 2 .  
43* 
4 4 1  
(I91 
46. 
47, 
48. 
491 

31, 

ULLAGE RKT GRN 
ULLAGE RKT CSE 
COMMAND MODULE 
SERVICE MUOULE 
SM PROPELLANT 
SLA R ING 
LUNAR MUDULE 
ADAPTER ( S L A )  
VEH I N S T  U N I T  

LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PURTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LHZ ULLAGE GAS 
LHZ I N  TANK 
LH2 I N  L I N E S  
L H 2  I N  ENGINE 
COLD HE OVA0 1 
COLO HE QUAD 2 
APS PROP FP 1 
APS PROP FP 3 
APS HELIUM 
HELIUM REPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 
ENV CONT F L U l O  

TOTAL REMAINING 

scte5oz DRY SIC 

STATIONf INCHES)  M O I  (POUND INCHES SQUARE1 

LIARM 

0.0 
0 .0  
0.2 

-0 .6 
4.9 
0.6 

V*ARM ROL 1 P 1 TCH 

010 -rl8505096 01 -,19118786*00 
0.0 q25438840 07 e26282475 06 
5.9 ,28579231 08 925826425 08 
1.3 ,29240986 08 *49105059 08 

-2 .0  ,93628951 08 e97935849 08 
-1.8 ,50301917 06 e26830439 06 

e61206047 08 
,42229576 08 
e73498107 08 
e30017645 09 
,00000000 00 
000000000 00 
rl8720000 0 4  
122718616 05 
016673933 06 
,00000000 00 
r00000000 00 
t44993827 05 
r24165141 05 
rOOOOOOO0 00 
~00000000 00 
,13713188 06 
813713188 06 
rOOOOOOOO 00 
,20250000 06 
.oooooooo 00 
e43540299 05 
ebb116800 Ob 

e82741246 08 
e57211156 08 
e38067610 08 
11&698030 10 
~00000000 00 
,00000000 00 
,29250000 04  
e22718696 05 
a76990707 05 
,00000000 00 
,21913887 09 
,4805P516 OS 
it1158088 05 
e15109210 06 
,11109210 06 
,11225539 06 
,11225535 06 
,00000000 00 
,99225000 05 
,00000000 00 
~39060906 05 
,33193332 06 

MASS 

t POUNDS) 
I 

LeARM VeARM ROLL H. ARM P I T C H  YAW 

16 05 
129.79 

12200.00 
9600 00 
39300.00 

90.00 
20000.00 
3810.00 
4763.00 
26164.75 

41.89 
192904 8 8  

13.00 
246.00 
108.00 
59.18 

42441.15 
38 .00  
20.00 
164.48 
164.48 
310.97 
310.97 
3.00 

81.00 
5.00 
30.00 
43.00 

225r8O 
222.60 
1250120 
1123.10 
11 14~90 
1047.70 
I90.90 
850 I 30 
698190 

318.26 
241.78 
155100 
136.80 

12 .20  
646.77 
4 5 5 . 4 0  
187.91 
72.20 

494.30 
2 4 6 . 2 0  
246 20 
246.20 
153.50 
88.40 
127.20 
662.70 

324.85 

494.30 

0.0 
0 .0  
0.2 

* O , 6  
499 
0.6 

0.7 
oeo 
6.4 
0.0 
0.0 

- 2 5 1 0  
6 . 4  
090 
0.0 
010 

-5919 
0.0 

86.3  
113.8 

1.8 
- 1 9 8  
0.0 
0.0 

-22.0 
14.2 
0.0 

095 

0.0 
0.0 
3.9 
1.3 

-210 
-le8 
0.0 

- l e 0  
-9.9 
w2.8 
0.0 
0.0 
l0.0 
9.9 
OIO 
0.0 
0.0 

-64.8 
0.0 

-75.6 
2010 

-140q3 
140.3 
0.0 
0.0 

L4.6 
9.3 
0.0 

a31462972 
,25438840 
828579231 
g 29240986 
,93628951 
,40301517 
y61206047 
942229576 
,71498807 
e30017645 

06 
07 
08 
08 
08 
06 
08 
08 
08 
09 
00 
00 
04  
05 
06 
00 
00 
05 
05 
00 
00 
06 
06 
00 
06 
00 
05 
Ob 

828224789 06 
e22820663 07 
a21629338 08 
,47457562 061 
919002603 09 
e23473304 06 
a72504880 08 
855911367 08 
134643159 08 
a11404976 10 
.OOOOOOOO 00 
,00000000 00 
~29250000 0 4  
,22738636 OS 
860253674 05 
900000000 00 
,21952970 09 
,48051516 05 
,11158088 05 
,11120811 06 
e15120811 06 
rll225841 06 
811225841 06 
900000000 00 
p99225000 05 
*oooooooo 00 
,25966092 05 
,33193332 06 

143198958 1 1  

932506387 05 
,262e2473 06 

,69104049 08 
,97935849 08 
,26830439 06 
,82743246 08 
,57211158 08 
e88067610 OB 
pll498030 10 
,00000000 00 
,00000000 00 
,29250000 04  
922718616 05 
960253674 05 
100000000 00 
,21952970 09 
a68051516 05 
e11158088 05 
(15120811 06 

.29826429 08 

.i5izoei1 06 
,11225e61 06 
,11225841 Ob 
,00000000 00 
.99225000 05 
,00000000 00 
,59060906 05 
,33193332 06 

1143203951 11 

SLF 
(93251438 09 

;oooooooo 
,00000000 
e 18720000 
,22718616 
I 13049102 
,00000000 
,00000000 
,44993821 
,24165151 ,00000000 

*oooooooo 
113713562 
,13713562 
,00000000 
,20250000 
,00000000 
943348299 
e66116800 

353058.58 473.85 

SLF 
193240660 07 

90 PERCENT THRUST - 
SEO 

81  
91 

24 8 

25 e 
26 1 

271 
28 1 

29s 
30 I 
310 
32 * 
33. 
34 * 
35. 
36 * 
37. 
38 .  
39. 
40 e 
4 ) .  
42 v 
431 
4 4 ,  
45. 
46 0 

47. 
48s  
49, 

- 

- 
- 

MASS 

YAW DESCRIPTION (POUNDS I 

-0.00 
129.79 

12200.00 
9600.00 
39300.00 

90.00 
20000.00 

38 10.00 
4763.00 
26164.75 

42 .40  

13.00 
246.00 
138.00 
59.57 

42424.66 
38.00 
20.00 
164.36 
166.36 
310.96 
310.96 
3.00 
81.00 
1.00 

30.00 
43.00 

353033.75 

192885.9e 

He ARM 

225.80 
222.60 
1250.20 
1123.10 
11 14.90 
1047.70 
T90.90 
850.30 
698.90 

318.24 

155.00 
136080  
72.20 

646.66 
459.33 
187.91 
72.20 

494.30 
494e30 
246.20 
146.20 
246 20 
153.50 
88.40 
121.20 
662 9 70 

324.85 

24a.77 

ULLAGE R K T  GRN 
ULLAGE RKT CSE 
COMMAND MODULE 
SERVICE PUDULE 
SM PROPELLANT 
SLA R ING 
LUNAR MODULE 
ADAPTER I S L A )  
VEH I N S T  U N I T  
S4R502 O R V  STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PURTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LHZ ULLAGE GAS 
LH2 I N  TANK 
LH2 I N  L I N E S  
LHZ I N  ENGINE 
COLO HE QUAD 1 
COLO HE QUA0 2 
APS PROP FP 1 
APS PROP FP 3 
APS HELIUM 
HELIUM REPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 
ENV CLINT FLUZD 

* 1 1 6 6 0 0 5 4 4  01 

,21829338 08 
a22820663 07 

,47457562 08 
e13002603 09 
,23473304 06 
~72504880 08 
,55911367 08 
(34843159 08 
*11404976 10 
100000000 00 
,00000000 00 
e29250000 04 
'22718616 05 
e76990707 05 
,00000000 00 
(21913887 09 
.48051516 05 
a11158088 05 

rl5109210 06 
a11225535 06 
,11225535 06 
100000000 00 
,99225000 05 
,00000000 00 
,25966092 05 
,33193332 Ob 

,15109216 06 

0;s 
0.7 
0 .0  
6.4 
0.0 
0.0 

-25.0 

0,o 
0.0 
0 .0  

-59.9 
0.0 

8 6 . 3  
113.8 

1.8 
-1.8 
0.0 
OeQ 

-22  II 0 

0.0 
14.2 

0.0 
-1.0 
-9.9 
-2.8 
0.0 
0.0 

bO.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
2010 

-140.3 
14003  
0.0 
0 .0  

14.6 
9 .3  
0.0 

TOTAL REMAINING 473.83 043201255 11 

SL: 
,93245820 07 
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TABLE AP 2-2 (Sheet 4 of 10) 
PREDICTED MASS BREAKDOWN SUMMARY 

MASS S T A T I O N ( 1 N C H E S )  M O I  (POUND I N C H E S  SQUARE)  

s w  DESCRIPTION (POUNDS)  H. ARM L.ARM V,ARM R O L L  P I T C H  YAW 

TOTAL J E T T I S O N E D  129.79 222.60 0.0 0.0 ,25438821 07 ,26282462 Ob .22820647 07 

S T A T I O N ( I N C H E 5 )  HOI (POUND I N C H E S  SQUARE1 

24. 
25. 
26. 
27. 
28 .  
29. 
30. 
31. 
32. 
33.  
34. 
35. 
36. 
37. 
38.  
39. 
40. 
41. 
42. 
43. 
44, 
45 .  
46. 
47. 
48. 
49. 

COMMANO MODULE 
S E R V I C E  MUOULE 
SM PROPELLANT 
S L A  R I N G  
LUNAR MUOULE 
ADAPTER I S L A )  
V E H  I N S T  U N I T  
548502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  E N G I N E  
L H Z  ULLAGE GAS 
L H Z  I N  TANK 
L H Z  I N  L I N E S  
L H 2  I N  E N G I N E  
COLO HE QUAD 1 
COLO HE QUAO 2 
APS PROP F P  I 
APS PROP F P  3 
APS H E L I U M  
H E L I U M  REPRESS 
GHZ I N  STARTNK 
S E R V I C E  I T E M S  
ENV CON1 F L U 1 0  

TOTAL R E M A I N I N G  

5.9 
1.3 

- 2 . 0  
-1 .8  
0.0 
-1.0 
-9.9 
-2.8 
0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 
140.3 
140.3 
0.0 
0.0 
14.6 
9.3 
0.0 

-0.4 

,28579231 08 
,29240986 08  
,93628951 08 
,90301517 06 
,61206047 08 
,42229576 08 
,71498107 08 
,30017645 09 
.00000000 00 
*oooooooo 00 
.18720000 04 
,22718616 05 
,16673954 06 
.oooooooo 00 
,00000000 00 
-44993827 05 
,24165131 05 
.OOOOOOOO 00 
.oooooooo 00 
,13709051 Ob 
,13709051 06 
.oooooooo 00 
.20250000 06 
~00000000 00 
,43548299 05 
.66116800 06 

,64820764 09 

S L F  
,13990918 Ob 

sEa 

24. 
25. 
26. 
27. 
28.  
29. 
30. 

32. 
33.  
34. 
351 
36, 
37. 
38. 
39, 
40. 
61.  
42. 
43s 
44. 
45. 
46, 
47. 
48. 
49. 

31. 

OESCRIPTIUN 

COMMANO MODULE 
S E R V I C E  MODULE 
SM PROPELLANT 
S L A  R I N G  
LUNAR MODULE 
ADAPTER ( S L A )  
VEH I N S T  U N I T  

LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PURTS 
LOX I N  L I N E S  
LOX I N  E N G I N E  
L H 2  ULLAGE GAS 
L H 2  I N  TANK 
L H 2  I N  L I N E S  
LHZ I N  E N G I N E  
COLO HE QUA0 1 
COLO HE QUAO 2 
APS PROP F P  1 
APS PROP F P  3 
APS H E L I U M  
H E L I U M  REPRESS 
GHZ I N  STARTNK 
S E R V I C E  I T E M S  
ENV CONT F L U I D  

TOTAL R E M A I N I N G  

~ 4 ~ 5 0 2  D R Y  STG 

12200.00 
9600.00 
39300.00 

90.00 
20000.00 
3810.00 
4763.00 
26164.75 

129.70 
136374.12 

13.00 
246.00 
138.00 
125.51 

32101.96 
38.00 

142.74 
142.74 
309.50 
309.50 
3.00 
81-00 
7.00 
30.00 
43.00 

286183.11 

20 .00  

1250.20 
1123.10 
1114.90 
1047.70 
790.90 
850.30 
698.90 
324.85 
288.44 
223.97 
155.00 
136.80 
72.20 

594.83 
415.52 
187.91 

494.30 
494.30 
246.20 
246.20 
246.20 
153.50 
88.40 
127.20 
662.70 

507.44 

72.20 

,00000000 00 
,00000000 00 
129250000 06 
q22718616 05 
176990809 05 
,00000000 00 
,13577526 09 
,48051516 05 
.11158088 05 
e13122314 06 
,13122314 06 
,11173078 06 
,11173078 Ob 
,00000000 00 
.99225000 05 
,00000000 00 
.59060906 05 
.33193332 06 

e41016140 1 1  

S L F  
188930560 07 

;oooooooo 00 
,29240000 04 
022718616 05 
*76990805 05 
*00000000 00 
013477326 09 
,48051316 05 
r11158088 05 
e13122314 06 
e13122314 06 
,11173078 Ob 
,11&73078 06 
,00000000 00 
.99229000 05 
,00000000 00 
029966092 05 
#33193332 06 

.41009140 11  

S L F  
e88514156 07 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 
140.3 
140.3 
0.0 
0.0 
14.6 
9.3 
0.0 

-0.4 

,22718616 05 
,16673954 Ob 
.oooooooo 00 
,00000000 00 
,44993827 05 
,24165151 05 
~00000000 00 
100000000 00 
,13649106 06 
11364910b Ob 
,00000000 00 
.20250000 06 
,00000000 00 
,43548299 OS 
,66116800 06 

,64752071 09 

-0.00 I 225.80 0 0 0 0 -rl8505096 01 -.19118786-00 -,16600544 01 I 129.79 222.60 I 0:O I 0 : O  I ,25438840 07 I ,26282475 Ob I ,22820663 07 I 
S L f  S L F  S L F  I ,54907369 03 I ,56128084 02 I ,69256100 03 I 

SUM4RY PRINTOUT 

SEQ D E S C R I P T I O N  F (POUNDS) 
I 

VIARM I ROLL 
- 
L Q A R M  H. ARM YAW P I T C H  

0.2 
-0.6 
4*9 
0.6 
0 .5  

0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 

1.8 
-1.8 
090 
0.0 

-22.0 
14.2 
0.0 

1.1 

0.7 

- 

e23626425 08 
,49105059 08 
,97935849 08 
,26830439 Ob 
,82741246 08 
.S7211136 08 
.38067610 08 
.11498030 10 
*oooooooo 00 
,00000000 00 
,29250000 04 
,22718616 05 
,76990805 05 
,00000000 00 
e20540268 09 
,48051516 05 
.11158088 05 
,14980956 Ob 
,149809S6 06 
.11222149 06 
,11222149 Ob 
,00000000 00 
.99225000 05 
,00000000 00 
.59060906 05 
*33193332 06 

,21829338 08 
,47497562 08 
,13002603 09 
,23473304 06 
.7250488% 08 
Q55911367 08 
,348431S9 08 
,11404976 10 
,00000000 00 
,00000000 00 
~ 2 9 2 5 0 0 0 0  04 
.22718616 OS 
,76990805 05 
,00000000 00 
.20540268 09 
.48051316 05 
.11158088 OS 
,14980956 Ob 
,14980956 Ob 
,11222149 06 
,11222149 Ob 
,00000000 00 
.99225000 05  
,00000000 00 
.25966092 05 
833193332 Ob 

1250.20 
1123.10 
1114 -90 
1047.70 
790 e 90 
830.30 
698.90 
324.85 
315.95 
240.80 
155.00 
136.80 

642.92 
492.96 
187.91 
72.20 

494.30 
494.30 
246.20 
246.20 
246.20 
153.50 
88.40 
127.20 
662.70 

474.97 

72.20 

12200.00 
9600 a 00 
39300.00 

90.00 
20000.00 
38 10.00 
4763.00 
26164.75 

48.04 
190134.19 

13.00 
246.00 
138.00 
63.82 

41828.26 
38.00 
20.00 
162.96 
162.96 
310.86 
310.86 
3.00 

81.00 

i 3V.00 

349563.65 .43126182 11 

SLF 
,93083582 07 

,43118898 11  

S L F  
,93067858 07 

ITEMS REWINING S-IVB FIRST ENGINE CUTOFF C W O  TIME 651.350 

MASS I S T A T I O N I I N C H E S )  I MOI (POUND I N C H E S  SQUARE) 
I 

(POUNDS)  I H. ARM 
- 
L e  ARM 

0.2 
-0.6 
4.9 
0.6  
0.5 

0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 
86.3 
113.8 
1.8 

-1.8 
0.0 
0.0 

-22.0 

0.0 

- 

0.7 

14.2 

1.4 
- 
- 

ROLL 

,28579231 08 
,29240986 08 
,93628951 08 
rSOP01517 06 
,61206047 08 
,42229576 08 
,71498107 08 
,30017645 09 
.oooooooo 00 
,00000000 00 
.18720000 04 

YAW 

,21829338 08 
Q47457562 08 
r13002603 09 
,23473304 06 
e72S04880 08 
,55911367 08 
,34843159 08 
e11404976 10 
.oooooooo 00 

SLF I ,13976092 Ob 
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TABLE AP 2-2 (Sheet 5 of 10) 
PREDICTED MASS BREAKDOWN SUMMARY 

269 
25, 
26. 
27, 
281 
290 
30. 

32. 
33 .  
34. 

31. 

TIME 652.750 ITEMS REYAINING 

COMMANO MOOULC 
SERVICE MODULE 
SH PROPELLANT 
SLA R l N G  
LUNAR MODULE 
ADAPTER ( S L A )  
VEH I N S T  U N I T  

LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 

548502 DRY STG 

S-IVB FIRST END OF THRUST DECAY 

38. 
391 
40. 
41, 
421 
4 3 ,  
44. 
45. 
46. 
47. 
48. 
49 .  

SEQ DESCRIPTION 

LH2  IN-TANK 
L H Z  I N  L I N E S  
LHZ I N  ENGINE 
COLD HE QUAO 1 
COLD HE QUAO 2 
APS PROP FP 1 
APS PROP FP 3 
APS HELIUM 
HELIUM REPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 
ENV CONT F L U I D  

S T A T I O N ( I N C H E 5 )  

VI ARM 

no1 (POUND INCHES SQUARE1 

ROLL 

MASS 

(POUNDS 

24. 
25e 
261 

28. 

309 

32. 
33r 

27. 

29. 

3 1 0  

COMMANO MOOULE 
SERVICE MODULE 
SM PROPELLANT 

LUNAR MODULE 

VEH I N S T  U N I T  

LOX ULLAGE GAS 
LOX I N  TANK 

SLA R l N G  

ADAPTER ( S L A )  

548502 DRY STG 

5.9 
l r 3  

-2.0 
~ 1 ~ 8  

O s 0  
-1.0 
-9.9 
-2*8 

0.0 
0.0 
l0.0 
9.9 

,28579231 08 
,29240986 Og 
,93628951 08 
,50301517 06 

,42229576 08 

,30017645 09 

,61206047 08 

~71498107-08  

125826425 0 8  
e49105059 08 
~97931849 08 
,26830439 06 

,57211/56 08 

.11491030 10 
,00000000 00 
,0000~000 00 
e29250000 04 
e22718616 08 

,827eiz4e 08 

. 3 a o ~ t 6 i o  oe 

921829338 08 
p4945716Z 08 
s13002603 09 
023473304 06 

g55911367 08 

ellb04916 10 
@00000000 00 
,00000000 00 
r29250000 0 4  
e22918616 05 

,729048ao 08 

e34843159 08 

50  
30 
50 
50 
00 
00 

49i.30 
494.30 
246.20 
246.20 
246e20 
153.50 

ROLL 

028579231 08 
e29240986 08 
a93621951 08 
e503015k7 06 

e42229576 08 
q71498107 08 
830017645 09 
,00000000 00 
.oooooooo 00 
e18720000 04 
r22718616 05 
e13049178 06 
a00000000 00 
,00000000 00 
$44993827 05 
~ 1 2 0 8 2 1 6 3  05 
,00000000 00 
6.00000000 00 
e l3636781 06 
,33636781 06 
,00000000 00 
e20250000 06 
,00000000 00 
143548299 09 

, b u 0 6 0 4 7  o e  

1 6 6 i w o o  06 

PilTCH 

023826429 08 
e49105059 08 
097835849 08 
e26830439 06 
,82741246 08 
(57211156 08 
,38067610 08 
~ 1 1 4 9 8 0 3 0  10 
,00000000 00 
000000000 00 
.29250000 04 
e22718616 OS 
,60253856 05 
,00000000 00 
,13559437 09 
e48051516 05 
e55790380 04 

i l3100064 06 
,11162988 06 
r11162988 06 
*oooooooo 00 
099225000 05 
,00000000 00 
,59060906 05 
,31193332 06 

.13100064 06 

H, ARM 

1250.20 
l l23.10 
1114o90 

790.90 
850.30 
698.90 
324.85 

223.93 
155.00 
A36.80 
72 * 20 

594.71 
415.41 
187.91 

72 a 20 
494.30 
494,30 

1047.70 

288.38 

246.26 
2 4 6 . 2 0  
246.20 
153.50 
88r4O 

L27.20 
662.90 

L 9 ARM 

oe2 
-0.6 

4.9 
0.6 
0.5 
0.7 
0 . 0  
6 . 4  
0.0 
0,o 

-25.0 

0 . 0  
o r 0  
0.0 

-5919 
o e o  

86.3 
113.8 

l e 8  
-1.8 

0 . 0  
0.0 

-22.0 
14.2 
o * o  

V,ARM 

5,9 
l e 3  

-2.0 
ml.8 

0 . 0  
-1.0 
-9.9 
-2.8 

0.0 
0.0 
lO.0 
9.9 
0.0 
0.0 
0.0 

-64 I 8 
0.0 

-75.6 
20.0 

=140,3 
14013 

0.0 
0 , O  

14.6 
9.3 
0.0 

YAW 

(z ie2933a  08 
e49497562 08 
913002603 09 
p23b13304 06 
01X504880 08 

~348431159 08 
~ 1 1 4 0 4 9 7 6  10 
e00000000 00 
rOOOOOOOO 00 
i29250000 04 
e22718616 05 
e60253656 03 
000000000 00 
~ 1 3 5 5 9 4 1 7  09 
048051516 05 
e55790380 04 
~13100064 06 

1599i i367  oe 

pi3aooo64 06 
,11162988 06 
,11162988 06 
,00000000 00 
~ 9 9 2 2 5 0 0 0  05 
toooooooo 00 
025966092 65 
,33193332 06 

12200.00 
9600 e 00 

39300 e 00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
130.68 

136219.72 
13.00 

246.00 
108.00 
126.25 

32072.19 
38.00 
10.00 

142.50 
142.50 
309.22 
309.22 

3.00 
81.00 
7.00 

. 30.00 
43.00 

35, LOX IN L I N E S  
36. LOX I N  ENGINE 
37. LH2 ULLAGE GAS 

285954.02 507.63 1 r 4  -0.4 164745437 09 e41000148 11 ab0992156 11 T O T A L  REMAINING 

s/3974660 SLF 06 SLC 
a8@494748 07 

ITEMS REMAINING TIME 739.350 

I Mor (POUND INCHES SQUARE) MASS I S T A T I R N ( I N C H E 5 )  
____f____ 

(POUNDS 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763 -00 

26164.75 
132.28 

136212.31 
13.00 

246.00 
108 00 

13 
70 
00 
00 

P I T e H  I Y A W  H. A R M  

1250e20 
1123mLO 
1114.96 
1047 e 70 
790.90 
850.30 
698.90 

188.38 
223.93 
155.00 

72 20 
594.58 
415128 
187.91 
72.20 

324+e5 

a36.80 

,00000000 00 
a00000000 00 
,18720000 04 
e22718616 05 
,33049378 06 
,00000000 00 
.oooooooo 00 
(44993827 03 
,12082563 05 
.oooooooo 00 
rO0OOOOOO 00 

e12678751 06 
,00000000 00 
r2025OOOO 06 
.oooooooo 00 
,43548298 05 
~ 6 6 1 l 6 6 0 0  06 

,1267e751 06 

36. LOX I N  PORTS 

36. LOX I N  ENGINE 
351 LOX I N  L I N E S  

137 
32040 

38 
10 

142 
142 
287 
287 

3 
81 

7 

1 .,4 
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12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
366.00 

135978.00 
13.00 

246.00 
108.00 
267.50 

29377.00 
38.00 
10.00 

117.20 
117.20 
225.00 
225.00 

3.00 
81.00 
7.00 

30.00 
43.00 

1250.20 
1123.10 
1114.90 
1047.70 
790.90 
850.30 
698.90 
324.85 
288.32 
223.89 
155.00 
136.80 
72.20 

583.88 
405.04 
187.91 
72.20 

494.30 
494.30 
246.20 
246.20 
246.20 
153.50 
88.40 

127.20 
662.70 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41, 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

COMMANO MODULE 
SERVICE MODULE 
SM PROPELLANT 
SLA R ING 
LUNAR MOOULE 
ADAPTER ( S L A )  
VEH I N S T  U N I T  
548502 DRY S T G  
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
L H 2  ULLAGE GAS 
LHZ I N  TANK 
LHZ I N  L I N E S  
L H 2  I N  ENGINE 
COLO HE QUA0 1 
COLD HE QUAD 2 
APS PROP FP 1 
APS PROP FP 2 
APS HELIUM 
HELIUM REPRESS 
GHZ I N  STARTNK 
SERVICE ITEMS 
ENV CONT F L U I D  

0.0 
14.6 
9.3 
O e O  

.lo249749 06 .50223768 05 

.00000000 00 .OOOOOOOO 00 
-43548299 05 a59060906 05 
.66116800 06 .33193332 06 

-0.4 .64318615 09 .40994262 1 1  

ITEMS REPWINING RESTART PREPARATION TIME 11,072.000 - 

SEQ 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

- 

- 
- 

MASS I STATION(1KCHES)  MOI (POUND INCHES SQUARF) 

DESCRIPTION (POUNDS) I H. A R M  ROLL P I T C H  YAW 

COMMAND MODULE 
SERVICE MODULE 
SH PROPELLANT 
SLA R ING 
LUNAR MODULE 
ADAPTER !SLA)  
VEH I N S T  U N I T  
548502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 

.28579231 08 

.29240986 08 

.93628951 08 

.50301517 06 

.61206047 08 

.43230353 08 
-71498107 08 
.30017645 09 
.oooooooo 00 
.00000000 00 

.25826425 08 

.49105059 08 

.97935849 08 

.26830439 06 

.E2741246 08 

.57215656 08 

.38067610 08 

.oooooooo 00 

.oooooooo 00 

.29250000 04 

.22718616 05 

.bo253674 05 

.oooooooo 00 
,12168514 09 
.48051516 05 
,55790439 04 
.lo774224 06 
.lo774224 06 
.81225000 05 
.81225000 05 
.00000000 00 
.99225000 05 
.00000000 00 
.59060906 05 
.33193332 06 

.ii49n030 io 
0.0 0.0 

0.0 0.0 

LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LH2  ULLAGE GAS 
LHZ I N  TANK 
LHZ I N  L I N E S  
LH2  I N  ENGINE 
COLO HE QUAD 1 
COLD HE OUAD 2 
APS PROP FP 1 
APS PROP FP 2 
APS HELIUM 
HELIUM REPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 
ENV CONT F L U I D  

.18720000 04 

.22718616 05 

.13049182 06 

.oooooooo 00 

.00000000 00 

.44993827 05 

.12082576 05 

.oooooooo 00 

.oooooooo 00 

.99225000 05 
,99225000 05 
.00000000 00 
.20250000 06 
.00000000 00 
.43548299 05 
.66116800 06 

0.0 0.0 
86.3 I -15.6 
113.8 20.0 

I 
283179.65 I 507.66 .64440818 09 .41003575 1 1  TOTAL REMAINING -0.4 

SLF 
.13908911 06 

SLF 
.88502145 07 

ENGINE START CCWAND - SECOND BURN TIME 11,399.000 ITEMS REM4INING 

SEQ DESCRIPTION 

MASS S T A T I O N (  INCHES) I MOI (POUND INCHES SQUARE) 

(POUNDS ) H. ARM V.ARM 

5.9 
1.3 

-2.0 
-1.8 
0.0 

-1.0 
-9.9 
-2.8 
0.0 
0.0 
10.0 
9.9 
0.0 
0.0 
0 .o 

-64.8 
0.0 

-75.6 
20.0 

,140.3 
140.3 

ROLL 

.28579231 08 

.29240986 08 
-93628951 08 
.50301317 06 

.43230353 08 

.71498107 08 

.30017645 09 

.00000000 00 

.oooooooo 00 

.18720000 04 

.22718616 05 

.13049182 06 

.oooooooo 00 

.oooooooo 00 

.44993827 05 

.12082976 05 

.oooooooo 00 

.oooooooo 00 

.E6989457 05 

.E6989457 05 

.612n6047 08 

LnARM 

0.2 
-0.6 
4.9 
0 . 6  
0.5 
0.7 

6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 
86.3 
113.8 

1.8 
-1.8 
0.0 
0.0 

14.2 
0.0 

o.n 

- 2 2 . 0  

12200.00 
9600.00 
39300.00 

90 00 
20000.00 
3810.00 
4763.00 

26164.75 
376.06 

135978.00 
13.00 

246.00 
108.00 
298.20 

29377.00 
38.00 
10.00 

117.20 
117.20 
197.26 
197.26 
3.00 

41.00 
7.00 

30.00 
43.00 

1250.20 
1123.10 
11 14 -90 
1047.70 
790.90 
850.30 
698.90 
324.85 
288.32 
223.89 
155.00 
136.80 
72.20 

583.88 
405.04 
187.91 
72.20 

494.30 
494.30 
246.20 
246.20 
246.20 
153.50 
88.40 

177.20 
662.70 

.lo774224 06 

.71209056 0 5  

.71209056 05 

.00000000 00 

.00000000 00 

.33193332 06 

.50223768 05 

-25966092 0 5  

I TOTAL REMAINING 183124.91 507.76 1.4 

SLF I .13882534 06 I .88458::42 07 

AP 2-10 



TABLE AP 2-2 (Sheet 7 of 10)  
PREDICTED MASS BREAKDOWN SUMMARY 

24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 

39. 

41. 
42. 
43. 
44. 
45. 
46. 

48. 
49. 

38. 

47. 

END OF FUEL LEA0 

J-li-z- 
COMMAND MODULE 
SERVICE MODULE 
SM PROPELLANT 
SLA R ING 
LUNAR MODULE 
ADAPTER ( S L A )  
VEH I N S T  U N I T  
548502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LHZ ULLAGE GAS 

LHZ I N  L I N E S  

COLD HE OUAD 1 
COLO HE OUAD 2 
APS PROP FP 1 
I P S  PROP FP 2 
APS HELIUM 
HELIUM REPRESS 

SERVICE ITEMS 
ENV CON1 F L U I D  

L H 2  I N  TANK 

4 0 e - L H 2  I N  ENGINE 

GH2 I N  STARTNK 

407.000 ITEMS REWINING 

M O I  (POUNO INCHES SOUARE) 

1250.20 
1123.10 
1114.90 
1047.70 
790.90 
850.30 
698.90 
324.85 
288.32 
223.89 
155.00 
136.80 
72.20 

404.92 
187.91 
72.20 

494.30 
494.30 
246.20 
246.20 

153.50 
88.40 

127.20 
662.70 

507.75 

583.75 

246.20 

TIME 1 - 
STATION( INCHES) 

0.2 
-0.6 

4.9 
0.6 
0.5 
0.7 
0.0 
6.4 
0.0 
0 .0  

-25.0 
6.4 
0.0 

0.0 
-59.9 

0.0 
86.3 

113.8 
1 . R  

-1.8 

0.0 
-22.0 

14.2 
0.0 

1.4 

0.0 

o.n 

MASS 

(POUNDS 1 

.28579231 08 

.29240986 08 

.93628951 08 

.50301517 Ob 

.61206047 08 
,43230353 08 
.71498101 08 
.30017645 09 
.oooooooo 00 
.oooooooo 00 
.18720000 04 
.22718616 05 
.13049182 06 
.oooooooo 00 
.OOOOOOOO 00 
-44993827 05 
.21288338 05 
.OOOOOOOO 00 
.OOOOOOOO 00 
.86861969 05 
.86861969 05 
.oooooooo 00 
.lo249749 Ob 

.43548299 05 

.66116800 06 

.ooooooon 00 

ROLL I P I T C H  

.25826425 0 8  

.49105059 0 8  
-97935849 0 8  
26830439 06  
.E2741246 08 
-57215656 08  
.38067610 08 
.11498030 10 
.oooooooo 00 
,00000000 00 
.29250000 04 
.22718616 05 
,60253674 05 
.oooooooo 00 
-12154112 09 
-48051516 05 
,98297396 04 
.lo651233 06 
,10657233 06 
.71104696 05 
.11104696 05 
.oooooooo 00 
.50223768 05 

.59060906 05 

.33193332 06 

.oooooooo 00 

YAW 

24. 

26. 
27. 

25. 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40, 
41. 
42. 
43. 
44. 

H. ARM L.ARH 

COMMANO MODULE 

SM PROPELLANT 
SLA R ING 

SERVICE MODULE 

LUNAR MODULE 
ADAPTER I S L A )  
VEH I N S T  U N I T  
548502 ORY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX IN ENGINE 
LHZ ULLbGE GAS 
L H 2  I N  TANK 
L H 2  I N  L I N E S  
L H 2  I N  ENGINE 
COLO HE QUAD 1 
COLD HE QUA0 2 
APS PROP FP 1 
APS PROP FP 2 

V.ARW 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
38 10.00 
4763.00 

26164.75 
378.60 

135977.96 
13.00 

246.00 
108.00 
303.83 

29343.97 

17.62 
115.93 
115.93 
196.97 
196.97 

3.00 
41.00 

. 7.00 
30.00 
43.00 

38.00 

5.9 
1.3 

-2.0 
-1.8 

0.0 
-1.0 
-9.9 
-2.8 

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

.140.3 
140.3 

0.0 
14.6 
9.3 
0.0 

0.0 

I TOTAL REMAINING 283104.50 .64315070 09 I .40996071 11 ,40993756 1 1  -0.4 

S L F  1 SI’F 
.13881769 06 .E8485948 07 

90 PERCENT THRUST TIME 11,409.500 ITEMS REWINING 

SEO OESCRIPTlON 

STATION(1NCHES) M O I  (POVNO INCHES SQUARF) MASS 

1 POUNDS) H. ARM ROLL P I T C H  yaw L.ARM V.ARH 

-2582h425 08 
.49105059 0 8  
.97935849 08 
.26830439 Ob 
.e2741246 08 
.47215656 0 8  
.38067610 08 
.11498030 10 
.oooooooo 00 

.29250000 04 

.22718616 05 
,76990805 05 
.oooooooo 00 
.12106949 09 
.48051516 05 
.11158082 05 
.lo620673 06 
.10620673 Ob 
,71098544 05 
.71098544 05 

.50223768 05 

.59060906 05 
-33193332 06 

-40987485 11 

.oooonooo 00 

.oooonono 00 

.ooooonoo 00 

-28579231 08 
.29240986 0 8  

.50301511 Ob 

.61206047 08 
,43230353 08 
.71498107 08 
.30017645 09 
.oooooooo 00 
.oooooooo 00 

.22718616 05 

.16673954 Ob 

.oooooooo 00 

.44993827 05 

.24165139 05 

.oooooooo 00 

.oooooooo 00 

.e6854455 05 
-86854455 05 

-10249749 06 

.9362895i ne 

. i87zooon 04 

.ooonoooo 00 

.ooooooon no 

.ooooonoo 00 

.4354az99 05 

.66116800 06 

.64317350 09 

1250.20 
1123.10 
1114.90 
1047.70 
790.90 
850.30 
698 -90 
324.85 
288.23  
223.81 
155.00 
136.80 

72.20 
583.33 
404.50 
187.91 
72.20 

494.30 
494.30 
246.20 
246.20 

153.50 
88.40 

127.20 
662.70 

507.92 

246.20 

0.2 
- 0 . h  

4.9 
0.6 
0.5 
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 
86.3 

113.8 
1.8 

-1.8 
0.0 
0.0 

-22. n 
14.2 
0.0 

1.4 

5.9 
1.3 

-2.0 
-1.8 

0 .o 
-1.0 
-9.9 
-2 .8  

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

,140.3 
140.3 

0.0 
0.0 

14.6 
9.3 
0.0 

-0.4 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
379.40 

135725.10 
13.00 

246.00 
138.00 
305.59 

29234.9 1 
38.00 
20.00 

115.53 
115.53 
196.95 
196.95 

3.00 
41.00 

1 .oo 
30.00 
43 -00 

782770.68 

45. APS HELIUM 
46. HELIUM REPRESS 
47. 1 GH2 I N  STARTNK 

SLF 
.13882261 Ob 

S1.F 
.e8467415 07 

CLF 
-88461323 07 

AP 2-11 



TABLE AP 2-2 (Sheet 8 of 10) 
PREDICTED MASS BREAKDWON SUMMARY 

H. A R M  

1250.LO 
1123.10 
1114.90 
1047.70 

790.90 
850.30 
698.90 
324.85 
266.25 
202.08 
155.00 
136.80 

72.20 
576.18 
347.27 
187.91 

72.20 
494.30 
494.30 
246.20 
246.20 
246.20 
153.50 

88.40 
127.20 
662.70 

600.19 

LaARM 

0.2 
-0.6 

4.9 
0.6 
0.5 
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
o.n 
0.0 

-59.9 
0.0 

86.3 
113.8 

1.8 
-1.8 

0.0 
0.0 

-22.0 
14.2 
0.0 

1.9 

.25826425 08 

.49105059 08 

.82741246 08 

. 572 i5656  08 

.oooooooo 00 

.oooooooo on 

.29250000 04 

.16990805 05 

.oooooooo 00 

.74640706 08 

. i i i 5 8 0 8 8  0 5  

.70632265 05 

. i o632265  05 

.oooooooo 00 

.50223768 05 

.oooooooo 00 

.v1060906 05 

.33193332 06 

,97935849 08 
.26830439 06 

.38067610 08 

.11498030 10 

.22718616 0 5  

.48051516 0 5  

.78494450 0 5  
-78494450 05 

,21829138 n8 
.47457562 na 

.7250488n 08 
,56645512 08 

.ooooooon 00 

.ooononoo 00 

.29250noo 04  

,7699ono5 os 
.onooooon 00 
.74640706 08 

. i i i s 8 n 8 8  05  

.70632265 05 

.70632265 05 

.ononoooo no 

. 2 ~ 9 6 6 0 9 2  n5 

.13002603 09 

.23473304 06 

.34843159 08 

.11404976 IO 

.22718616 05 

.48051516 05  

.78494450 05 

.78494450 05 

-50223768 05 
.oooooooo 00 

-33193332 06 

S U W Y  PRINTOUT TIME 11,499.000 ITEMS REM4INING - 

SEO 

24. 
25. 
26.  
27.  
28.  
29.  
30. 
31. 
32. 
33.  
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41.  
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

- 

- 

- 

MASS S T A T I O N ( 1 N C H E S )  M D I  (POUWD INCHES SOUARE) 

D E S C R I P T I O N  H. ARM L.ARH 

0.2 
-0.6 

4.9 
0.6 
0 . 5  
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

86.3 
113.8 

1.8 
-1.8 

0.0 
0.0 

14.2 
0.0 

1.6 

-22.0 

P 1 TCH 

.25826425 08 

.49105059 08 
-97935849 08 
-26830439 06 
.a2741246 08 
.57215656 08 
-38067610 08 

,00000000 00 

.29250000 04  

.22718616 05 

.oooooooo 00 
-99053555 08 
-48051516 05 
-11158088 05 
-93118343 05 
.93118343 0 5  
.70878322 05 
.70878322 0 5  

.50223768 05 

.oooooooo 00  

.59060906 05 
-33193332 06 

,38890003 1 1  

. i i 4 9 8 0 3 0  in 

.oooonooo 00 

.769908n5 05 

.oonooooo on 

V.ARM 

5.9 
1.3 

-2.0 
-1.8 

0.0 
-1.0 
-9.9 
-2.8 

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

.140.3 
140.3 

0.0 

14.6 
9.3 
0.0 

-0.5 

n.o 

YAW 

.21829338 08 

.13002603 0 9  

.23473304 06 

.56645512 08 

.11404976 10  

.4745756:! na 

.7250488n n8 

.34843159 08 

.ooononon 00 

.ooooooon no 

.7699oao5 n5 

.ooooonon no 

.99053555 ne 

.48051516 05 

. i i i ~ ~ n ~ a  0 5  

.93118343 05  

. 9 3 i i 8 ? 4 3  05  

.oooooooo no 

.ooooonoo 00 

.25966n92 n5 

.29250000 04  

.22718616 05 

-70878322 05  
.90878322 05 

.50223768 05  

,33193732 06 

.3888693R 11  

(POUNDS 1 

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
407.81 

105271.31 
13.00 

246.00 
138.00 
360.54 

22449.17 
38.00 
20.00 

101.29 
101.29 
196.34 
196.34 

3.00 
41.00 

7.00 
30.00 
43.00 

245598.82 

ROLL 

.28579231 08  

.29240986 08  

.93628951 08  

.!io301517 06 

.61206047 08 

.43230353 08 
,71498107 08 
.30017645 09 
.00000000 00 

.18720000 0 4  

.22718616 05  

.16673954 06 

.oooooooo 00  

.44993827 05 

.24165151 05  

.oooooooo 00 

.00000000 03 

.E6585429 05  

.E6585429 O S  

.00000000 00 
-10249749 06  
.oooooooo 00 
-43548299 0 5  
,66116800 06 

,64269550 09 

.ooooonoo no 

.ooonoooo 00 

COMMAND MODULE 
S E R V I C E  M D W L E  
SM PROPELLANT 
SLA R I N G  
LUNAR MODULE 
AOAPTER ( S L A )  
VEH I N S T  U N I T  
548502 D R Y  STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
L H 2  ULLAGE GAS 
L H 2  I N  TANK 
L H 2  I N  L I N E S  
LH2 I N  ENGINE 
COLD HE QUAD 1 
COLD HE OUAD 2 
APS PROP F P  1 
APS PROP F P  2 
APS H E L I U H  
H E L I U M  REPRESS 
GH2 I N  STARTNK 
S E R V I C E  I T E M S  
ENV CONT F L U I D  

TOTAL R E M A I N I N G  

1250.20 
1123.10 
11  14 -90  
1047.70 

790.90 
850.30 
698.90 
324.85 
277.71 
214.59 
155.00 
136.80 

72.20 
557.22 
378.16 
187.91 

72.20 
494.30 
494.30 
246.20 
246.20 
246.20 
153.50 

88.40 
127.20 
662.70 

539.58 

S L F  
.13871944 06 

S L F  I S L F  
.83940210 07 .a3933593 07 

S U W R Y  PRINTOUT TIME 11,599.000 ITEMS REMAINING 

MASS S T A T I O N ( 1 N C H E S )  MOI  (PO\JND TNCHES SOUARE) 

(POUNDS 1 ROLL P I T C H  I YAW D E S C R I P T I O N  

COMMAND MODULE 
S E R V I C E  MODULE 
SM PROPELLANT 
SLA R I N G  
LUNAR MODULE 
ADAPTER ( S L A )  
VEH I N S T  U N I T  
548502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
L H 2  ULLAGE GAS 

SEO 

24.  
25. 
26 
27.  
28 * 
29.  
30. 
31. 
32 
33 .  
34. 
35. 
36. 

- V ~ ARM 

12200.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
439.55 

67783.01 
13.00 

246.00 
138.00 
438.87 

14541.26 
38.00 
20.00 
85.38 
85.38 

195.66 
195.66 

3.00 
41.00 

7.00 
30.00 
43.00 

96no.00 
5.9 
1.3 

-2.0 
-1.8 
0.0 

-1.0 
-9.9 
-2.8 
0-0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0 .o 

-75.6 
20.0 

,140.3 
140.3 

0.0 
0.0 

14.6 
9.3 
0.0 

.28579231 08 

.29240986 08 

.93628951 08 

.50301517 06 
-61206047 08 
.43230353 08 
-71498107 08 
.30017645 0 9  
.ooooooon 00 
.oooooooo no 
. i 872ooon  04 

.ooooonoo no 
,ooonoooo no 

.22718616 05 

.16673954 06  

-44993827 0 5  
-24165151 05  
.00000000 00 
.00000000 00 
.86284845 05 
-86284845 05 
.oooooooo 00 
-10249749 06  
.oooooooo 00 
.43548299 05 
.66116800 06 

42. 
43. 
44.  
45. 
46.  
47. 

49 e 

48.  

COLD HE QUAD 2 
APS PROP F P  1 
APS PROP FP 2 
APS H E L I U M  
H E L I U M  REPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 
ENV CON1 F L U I D  

20027 1.5 1 .64210619 09 TOTAL R E M A I N I N G  -0.6 
~~ 

5 L F  
.13859225 06 



TABLE AP 2-2 (Sheet 9 of 10) 
PREDICTED MASS BREAKDOWN SUMMARY 

H. ARM 

1250.20 
1123.10 
1114.90 
1047.70 

790.90 
850.30 
698.90 
324.85 
254.08 
184.57 
155.00 
136.80 

72.20 
494.40 

187.91 
72.20 

494.30 
494.30 
246.20 
246.20 
246.20 
153.50 

127.20 
662.70 

312.56 

88.40 

S U W R Y  PRINTOUT 

L.ARH 

0.2 
-0.6 

4.9 
0.6 
0.5 
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0 .0  

-59.9 
0.0 

86.3 
113.R 

1.8 
-1.8 
0.0 
0.0 

14.2 
0.0 

0.0 

-22.0 

,699.000 ITEMS REMAINING 

MOI (POUND INCHES SOUARE) 

24.  
25.  
26. 
27.  
28.  
29.  
30. 
31. 
32. 
33.  
34.  
35.  
36. 
37. 

39. 
38. 

40.  
41. 
42.  
43.  
44. 
45.  
46.  
47.  
48 .  
49.  

TIME 

S T A T I O N ( I N C H E S )  

COMMAND MODULE 
S E R V I C E  MODULE 
SM PROPELLANT 
SLA R I N G  
LUNAR MODULE 
AOAPTER ( S L A )  
VEH I N S T  U N I T  
S48502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LH2 ULLAGE GAS 

L H 2  I N  L I N E S  
L H 2  I N  TANK 

L H 2  I N  ENGINE 
COLD H E  OUAD 1 
COLD H E  OUAO 2 
APS PROP FP 1 
APS PROP F P  2 
APS H E L I U M  
H E L I U M  REPRESS 
GH2 I N  STARTNK 
S E R V I C E  ITEMS 
ENV CONT F L U I D  

-1 (POUNDS 

.28579231 08 

.29240986 0 8  

.93628951 08 

.50301517 06 
,61206047 08 
.43230353 08 
.71498107 08 
.30017645 09 
,00000000 00 
.oooooooo 00 
.18720000 04  
.22718616 05  
.16673954 Ob 
.oooooooo 00 
.OOOOOOOO 00 
.44993827 05 
.24165151 05  
.OOOOOOOO 00 
.OOOOOOOO 00 
.E5778725 05 
.89778725 05 

. lo249749 06 

.oooooooo 00 

.43548299 0 5  

.66i16800 Ob 

.64082939 09 

S L F  
.13831666 06 

.oooooooo 00 

.?58264?5 08 

.49105059 08  

.97935849 08 

.26830439 06 
,82741246 08 
.S7215656 08 
.38067610 0 8  
.11498030 10 
.oooooooo 00 
.oooooooo 00 
.29250000 0 4  
.22718616 05 
.7699080S 05 
.oooooooo 00 
,64657525 0 7  
.48051516 0 5  
.11151088 0 5  
.53871030 0 5  
.S3871030 05  
.lo217958 05  
.lo217958 0 5  

.50223768 05  

.oooooooo 00 

.59060906 0 5  

.33193332 06 

.15406210 11 

.oooonooo 0 0  

S L F  
.332527?4 07 

ROLL P I T C H  YAW V.ARH 

5.9 
1.3 

-2.0 
-1.8 

0.0 
-1.0 
-9.9 
-2.8 

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

140.3 
140.3 

0.0 
0.0 

14.6 
9.3 
0.0 

-0.8 
-- 

.28579231 08 
,29240986 08 
.93628951 08 
.50301517 Ob 
.61206047 08 
-43230353 08 
.71498107 08 
.30017645 09 
.00000000 00 
.00000000 00 
,18720000 04 
.22718616 05 
.16673954 06 
.oooooooo 00 
.oooooooo 00 
.44993827 Q 5  
-24165151 05  
.oooooooo 00 
.oooooooo 00 
.E5984259 05  
.05984259 05  
.00000000 00 
. lo249749 06 
.oooooooo 00 
.43548299 05  
.66116800 06 

.25826425 08 

.49105059 08 

.97935849 0 8  
-26830439 06 
.E2741246 0 8  
.57215656 08 
.38067610 0 8  
.11491030 10 
.00000000 00 
.oooooooo 00 
.29250000 04  
.22118616 05 
.76990805 0 5  
.oooooooo 00 
.37679595 08 
-48051516 0 5  
.11158088 0 5  
-63870556 0 5  
.63870556 0 5  
.7D386208 0 5  
.70386208 05 

.50223768 0 5  

.oooooooo 00 

.33193332 06 

.oooooono 00 

.59060906 05 

.21829338 08 

.13002603 0 9  
,23413304 06 
.72504880 08 

.34843159 08 

. 4 - 1 4 ~ 5 6 2  08 

.56645512 ne 

. i i 4n4976  i o  

.ooooooon no 

.22718616 05  

.oooooooo no 

.37679595 ne 

.4805i’ii6 05  

.63870556 n5  

.00000000 .29250000 00 04  

.76990R05 05  

.11158088 0 5  

,63070556 0 5  
. lo386208 05  
.70386208 0 5  
.OOOOOOOO no 
.50223768 ns 
.oooooooo no 
,25966092 05  
-33193332 06 

12200.00 
9600.00 

39300.00 
90.00 

20000 .oo 
3810.00 
4763.00 

261 64.75 
471.29 

276 14.8 1 
13.00 

246.00 
138.00 
509.21 

6407.56 
38.00 
20.00 
69.48 
69.48 

194.98 
194.98 

3.00 
41.00 

’ 7.00 
30.00 
43.00 

714.03 1 2 . 5  .64141490 09 .26319567 11 e26315789 !1 TOTAL R E M A I N I N G  152038.51 

5 L F  
.13844304 Ob 

S L F  
.56808171 07 

S L F  
.5680001R 07 

ENGINE CUTOFF C O W W O  DEPLETION ITEMS REMAINING 1 6 7 . 3 7 8  

MDI  (POUND INCHES SOUARE) 

TIME 1 

S T A T I O N ( 1 N C H E S )  MASS 

(POUNDS 1 ROLL I P I T C H  D E S C R I P T I O N  H. ARM L.ARM Y AH 

. 2 1 8 7 9 ~ ~  ne 

.47457562 ne 

.i3002603 09 

. 5 6 6 4 5 m  ne 

.34843159 ne 

.ooooonoo 00 

.oooooooo no 

.76990805 0 5  

.onoooooo no 

. i i i 5 ~ 0 8 ~  0 5  

.5387103n n5 

.5387in30 0 5  

.70217958 0 5  

.ooononoo no 

.25966092 n5  

.23473104 06 

.72504R80 08 

-11404976 10 

.29240000 04  

.22718616 0 5  

.64657526 07 

.48051516 0 5  

-70217958 0 5  

.5027376fl .oooooooo 05 no 

.33193332 O b  

SEE 

24.  
25.  
26.  
27.  
28. 
29.  
30 
31. 
32. 
33. 
34.  
35. 
36.  
37. 
38. 
39. 
40 
41 .  
42 e 

43.  
44.  
45.  
46 e 

47.  
48 .  
49. 

- 

- 
- 

V.ARM 

COMMAND MOOULE 
S E R V I C E  MODULE 
SM PROPELLANT 
S L A  R I N G  
LUNAR MODULE 
AOAPTER ( S L A I  

12200.00 
9600.00 

39300.00 
90.00 

20000.00 
3810.00 
4763.00 

26164.75 
492.99 
166.63 

13.00 
246.00 
138.00 
557.30 
847.41 
38.00 
20.00 
58.60 
S8.60 

194.51 
194.51 

3.00 
41.00 

7.00 
30 -00 
43.00 

1250.20 
1123.10 
11 14.90 
1047.70 

790.90 
850.30 
698.90 
324.85 
244.65 
158.14 
155.00 
136.80 

72.20 
473.03 
272.18 
187.91 

72.20 
494.30 
494.30 
246.20 
246.20 
246.20 
153.50 

88.40 
127.20 
662 70 

5.9 
1.3 

-2.0 
-1.8 

0.0 
-1.0 
-9.9 
- 2 . 8  

0.0 
0.0 

10.0 
9.9 
0.0 
0.0 
0.0 

-64.8 
0.0 

-75.6 
20.0 

140.3 
140.3 

0.0 
0.0 

14.6 
9.3 
0.0 

-1.0 

0.7 
-0.6 

4.9 
0.6 
0.5  
0.7 
0.0 
6.4 
0.0 
0.0 

-25.0 
6.4 
0.0 
0.0 
0.0 

-59.9 
0.0 

8 6 . 3  
113.8 

1 .R 
-1.8 

0 .0  
0.0 

-22.0 
14.2 

0.0 

3.2 

VEH I N S T  U N I T  
548502 DRY S T G  
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
L H 2  ULLAGE CAS 
LH2 I N  TANK 
L H 2  I N  L I N E S  
LH2 I N  ENGINE 
COLD H E  QUAD 1 
COLD HE OUAO 2 
APS PROP F P  1 
APS PROP F P  2 
APS H E L I U M  
H E L I U M  REPRESS 
GHZ I N  STARTNK 
S E R V I C E  I T E M S  
ENV CON1 F L U I D  

TOTAL R E M A I N I N G  119077.30 854.23 e15402068 11 

S L F  
.33243833 07 

AI? 2-13 



TABLE AP 2-2 (Sheet 10 of 10) 
PREDICTED MASS BREAKDOWN SUMMARY 

H. ARM 

1250.20 
1123.10 
1114.90 
1047.70 
790.90 
850.30 
698.90 
314.85 
244.60 
157.63 

136.80 

472.91 
271.81 
187.91 
72.20 
494.30 
494.30 
246.20 
246.20 
246.20 
153.50 

127.20 
662.70 

155.00 

72.20 

88.40 

TIME 11,768.778 

L.ARM 

0.2 
-0.6 
4.9 
0.6  
0.5 
0.7 
0.0 
6.4 
0.0 
0.0 

6.4 

0.0 
0.0 

-59.9 
0.0 
86.3 
113.8 
1.8 

-1.8 
0.0 
0.0 

14.2 
0.0 

-25.0 

0.0  

-22.0 

ITEMS REWINING 

2 4 .  
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 

END OF THRUST DECAY DEPLETION 

COMMAND MODULE 
SERVICE MODULE 
SH PROPELLANT 
SLA R ING 
LUNAR MODULE 
ADAPTER I S L A )  
VEH INST U N I T  
548502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LHZ ULLAGE GAS 
LH2  I N  TANK 
LHZ I N  L I N E S  
LH2 I N  ENGINE 
COLD HE OUAO 1 
COLD HE OUAD 2 
APS PROP FP 1 
APS PROP FP 2 
APS HELIUM 
HELIUM RFPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 
ENV CON1 F L U I D  

TOTAL REMAINING 118873.28 

SEO OESCRIPTION 

MASS STATIDN(1NCHES)  MOI (POUND INCHES SOUAREI 

(POUNDS) H.  A R M  L.ARM V.ARM ROLL P I T C H  YAW 

IPOUNDS) 

20000.00 
3810.00 
4763.00 
26164.75 
492 -99 
30.63 
13.00 

246.00 
108.00 
557.30 
819.41 
38.00 
10.00 
58.60 
58.60 
192.01 
192.01 
3.00 
41.00 
7.00 
30.00 
43.00 

57678.30 

H. ARM 

790.90 
836.50 
698.90 
324.85 
244.60 
157.63 
155.00 
136.80 
72.20 
472.91 
271.81 
187.91 
72.20 
494.30 
494.30 
246.20 
246.20 
246.20  
153.50 
88.40 
127.20 
662.70 

549.41 

28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 

LUNAR MODULE 
ADAPTER I S L A )  
VEH INST U N I T  
548502 DRY STG 
LOX ULLAGE GAS 
LOX I N  TANK 
LOX I N  PORTS 
LOX I N  L I N E S  
LOX I N  ENGINE 
LH2  ULLAGE GAS 
LHZ I N  TANK 
LHZ I N  L I N E S  
LH2 I N  ENGINE 
COLD HE QUAD 1 
COLD HE OUAO 2 
APS PROP FP 1 
APS PROP FP 2 

45. 
46. 
47. 
48. 

APS HELIUM 
HECIUM REPRESS 
GH2 I N  STARTNK 
SERVICE ITEMS 

SEO! DESCRIPTION 

STATION(1kCHES)  MOI (POUNO INCHES SOUARE) - 
V.ARM 

5.9 
1.3 

-2 .0  
-1.8 
0.0 
-1.0 
-9.9 
-2.8 
0.0 
0.0 
10.0 
9.9 
0.0 
0.0 
0.0 

-66.8 
0.0 

-75.6 
20.0 
140.3 
140.3 
0.0 
0.0 
14.6 
9.3 
0.0 

- ROLL 

.28579231 08 

.29240986 08 

.93628951 08 

.SO301517 Ob 

.61206047 08 

.43230353 08 
-71498107 08 
-30017645 09 

.oooooooo 00 

.18720000 04 
,22718616 05 
.13049178 Ob 
.oooooooo 00 
.oooooooo 00 
.44993827 05 
.12082563 05 
.oooooooo 00 
.oooooooo 00 
.a5774516 05 
.e5774516 05 
.oooooooo 00 
-10249749 Ob 

-43548299 05 
.66116800 Ob 

.ooooooon 00 

.ooooooon 00 

P I T C H  

.25826425 08 

.49105059 08 

.97935849 08 
-26830439 Ob 
.E2741246 08 
.57215656 08 
.38067610 08 
.11498030 10 

.oooooooo 00 

.29250000 04 

.22718616 05 

.bo253656 05 

.62512106 07 
-48051516 05 

.53871030 05 
-53871030 05 
-70214513 05 
-70214513 05 
.oooooooo 00 
.!30223768 05 
.oooooooo 00 
.59060906 05 
-33193332 Ob 

.oooonooo 00 

.oooonooo 00 

.55-190380 04 

YAW 

.21829>38 n8 

.47457362 08 

.13002603 09 

.23473304 Ob 

.72504U80 08 

.34843159 08 

.11404976 10 

.56645qiz n8 

.ooononoo no 

.ooooonon 00 

.22718616 05 

.ooooonoo no 

.5579owo 04 

.5387in30 0 5  

.5387in30 05 

.ooonoooo no 

.5n223768 05 

.o~ooooon no 

.25966092 05 

.29250000 04 

.bo253656 05 

.62512106 07 

.48051516 05 

-70214513 05 
.70214513 05 

.33193132 06 

12200.00 
9600.00 
39300.00 

90.00 
20000.00 
3810.00 
4763.00 
26164.75 
492.99 
30.63 
13.00 

246.00 
108.00 
557.30 
819.41 
38.00 
10.00 
58.60 
58.60 
194.50 
194.50 
3.00 
41.00 
7.00 
30.00 
43.00 

855.42 I 3.2 -1.0 - .1!3302267 1 1  

SLF 
.33028423 07 

.15306410 11  

SLF 
.33037366 07 

ITEMS JETTISONED TIME 11,948.000 

.2857923i n8 -25826425 08 .218?9~8 n8 

.29240986 0 8  .49105059 0 8  .474575bz n8 

.93628951 08 -97935849 08 .13002603 09 

.50301517 Ob I -26830439 Ob I .23473304 Ob 

5.9 
1.3 

- 2 . 0  
-1.8 

0.1 

0 .2  
-0.6 
4.9 
0.6 

3.1 -15291197 09 I -34958912 09 I -37576519 09 TOTAL JETTISONED 

CWMND SERVICE MODULE SEPARATION TIME 11 ITEMS REMINING 
I 

t8.000 

MOI (POUNO INCHES SOUARE) 

SEO DESCRIPTION 

MASS I STATION(  IFtCHES) 

ROLL P I T C H  Y A W  

.61206047 08 

.12352008 09 
e71498107 08 
.30017645 09 
.oooooooo 00 
.oooooooo 00 
.18720000 04 
.22718616 05 
.13049178 Ob 
.oooooooo 00 
.oooooooo 00 
.44993827 Q5 
.12082563 05 

.oooooooo 00 
-84676833 05 
.a4676833 05 
.oooooooo 00 
-10249749 Ob 
.oooooooo 00 
-43548299 05 
.66116800 Ob 

.ooooooon 00 

.82741246 08 

.E6930233 08 

.38067610 08 
,11498030 10 

.oooooooo 00 
,29250000 04 
.22718616 0 5  
.bo253656 05  
.oooooooo 00 
.62512106 07 
.48051516 OS 
.55790380 04 
.53871030 05 
.53871030 05 
-69315997 05 
.69315957 05 
,00000000 00 
.50223768 05 
.oooooooo 00 
.59060906 05 
-33193332 O b  

.oooonooo 00 

.72504u80 08 

.8zw9223 0 8  

.34843159 ne 

.oooooooo no 

.oooooooo no 

.~9~5onoo 04 

.22718616 05 

.oooooooo no 

.55790380 04 

.53871030 n5 

.53871030 05 

.69315957 05 

.69315957 0 5  

.ononoooo no 

.50223768 05 

.ooooonoo no 

.11404976 10 

.bo253656 05 

.62512106 07 

.48051516 0 5  

.25966092 05 

.33193332 06 

- 6.4 

0.0 
8 6 . 3  

1.8 
-1.8 
0.0 
0.0 

-22.0 
14.2 
0.0 

3.5 

ii3.n 

- 

0.0 
-75.6 
20.0 

-140.3 
140.3 
0.0 
0.0 
14.6 
9.3 
0.0 

-2.3 ,56786695 09 .45217502 10 .44882412 10 - 
F L F  

.96874228 06 
SLF 

.12256844 Ob 
S L F  

.97597488 Ob 

A P  2-14 



TABLE AP 2-3 (Sheet 1 of 2) 
PREDICTED MASS CHARACTERISTICS SUMMARY 

T I M E  
(SECONDS) 

0.000 

60 rn 000 

120 * 000  

184.500 

184 s 500  

522.300 

522.400 

522.400 

522,500 

522,600 

525.600 

526.100 

526,330 

534,400 

534 400 

5 4 0 ~ 0 0 0  

550mOOO 

560mOOO 

570eOOO 

5760330  

580.000 

590.000 

600mOOO 

6100060  

620 rn 000 

630.000 

640 a 000 

6 5 0 0 0 0 0  

651.350 

651.650 

6521750 

7101350 

7391350 

-327 -000 

-326.800 

-326.600 

-326.400 

-326.200 

-326.000 

-324.800 

- 3 2 1  -000 

YASS 
(POUNDS I 

362169.39 

3621691 39  

361869939 

361869.39 

353209m39 

353209.39 

3532060 18 

353193.73 

353150.52 

353147030 

353058.58 

353047.89 

353033.75 

349693.44 

349563.65 

3465341 19 

341 1321 5 9  

335727 I 6 1 

330316,OZ 

326887984 

324898.84 

319475 I 9 1  

3140481 13 

308616.43 

303 195.09 

297765.84 

2 9 2 3 4 1 ~ 6 8  

286916.36 

286183.11 

286134.14 

285954.02 

285924.  59 

2858891 16 

283 179.65 

2831 79.65 

283179.61 

283179.58 

2831 79.54 

2831 79.51 

283179.30 

2831 78  - 6 5  

HI ARM 
( INCHES 

498053 

498153 

498.59 

498 159 

473,75 

473.75 

073,75 

473079 

473,79 

473,79 

473085 

473.84 

473983 

474.87 

474,97 

476,03 

478.03 

480,18 

4 8 2 0 4 9  

4 8 4 . 0 3  

484995 

487,58 

490136 

493132 

496.44 

499074  

503923 

506.92 

507,44 

507.48 

307963 

5 0 7 0 6 6  

507,bV 

507.66 

307.66 

507.66 

507.66 

507.66 

507.66 

507.66 

507.66 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.1 

1.2 

1 r Z  

l " Z  

1.2 

1.2 

112 

1.3 

1.3 

1.3 

1.3 

1.3 

1.4 

1.4 

l e *  

114 

1.4 

1 0 4  

1,4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

ROLL HOI 

342923,OZ 

(SLUG FTmSO. 

142923002  

141826,944 

141826094  

141168181 

141168081 

141  155 8 23 

3 6 0 9 6 4 ~  73 

140951  I 15 

1 4 0 9 3 7 ~ 5 7  

140529m4V 

1 4 0 4 6 5 ~ 9 3  

140467e94 

14OC58m42 

139909 m 30 

1399020 46 

139890,  19  

1 3 9 8 7 7 ~ 8 8  

139865 rn 5 1  

139857.66 

139853102 

139840.33 

139827159 

139816178 

139801  190 

139788095  

139775 92 

839762 O S &  

139761  $04 

139758,46 

139746 e72 

k39621e16 

139557,93 

139089.23 

139089.23 

139089.08 

139088.93 

139088.79 

139088 -64 

139087.75 

139084.76 

PITCH HOI 
l ( S L U O  F V e S Q a  

11919828.13 

11319828113 

11318495a38 

11318495038 

9327235,OO 

9327235r00  

9327190a75 

9326212eOO 

9326168000 

9326123a63 

9325151188 

9325508050 

9325702m38 

9 3 1 0 2 0 6 ~ 2 5  

9308366038 

9293461075 

9265092150 

9234380000  

9201264050 

9179045*50  

9165692.75 

9127582150 

9086880150 

9043502125 

8997485mOO 

8965026063 

8914276088 

8860558 o 75 

8853063063 

8852298,38 

8849482963 

8848992,75 

8848711025 

8850222.25 

8850222.25 

8850221.38 

8850220.75 

8850219.88 

8850219.13 

8850215.7s 

8850194.13 

YAW MOI 
, )  ( S L l J G  FTeSP. I 

1 1 3 1 9 1 0 1 ~ 1 3  

11319101q13 

11317768e38 

11311768138 

9326514m25 

9326514m25 

9326459819 

9325480m38 

9325625m50 

9325370m50 

9324074013 

9324376050  

9324570m13 

9309069g88 

9306794mOO 

9291886138 

9263511m50 

9232793063  

9199672m25 

9171449m75 

9164095mOO 

9123978188 

9085271r00 

9041886088 

8995863175 

8963399125 

8912643m38 

88J18919013 

8 8 5 i 4 2 a 0 2 5  

8850658.00 

8847843e88 

8847476910 

8847256q88 

8837155.13 

88371 5 9 - 1 3  

8837154.38 

8837154.00 

8837151.13 

8837157.63 

883715n.00 

8837131.00 

AP 2-15 



TABLE AP 2-3 [Sheet 2 o f  2) 
PREDICTED MASS CHARACTERISTICS SUMMARY 

T I M E  
(SECONOS) 

-316.000 

-300.000 

-200.000 

-100.000 

-40.000 

-1.000 

-0 ,800 
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3. PREDICTED FLIGHT TRAJECTORY 

A s  of t h e  p u b l i c a t i o n  d a t e  of t h i s  document, DAC has n o t  been provided 

s u f f i c i e n t  d a t a  t o  genera te  S-IC, S-11, o r  S-IVB t r a j e c t o r i e s .  Therefore ,  

t h i s  in format ion  w i l l  be  suppl ied  i n  a subsequent r ev i s ion .  

AP 3-1 



TELEMETRY LOOK ANGLES AND TELEMETRY- 
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4 .  TELEMETRY LOOK ANGLES AND TELEMETRY POWER MARGINS 

Data r e l a t i n g  t o  t h e  te lemet ry  coverage f o r  parking o r b i t  and S-IVB 

second burn has  been der ived  from t h e  Tracking and Telemetry Design 
Analysis for  ApoZZo-Saturn V Flight AS-502 document, ( r e fe rence  15 ) I) 

Table AP 4-1 p re sen t s  a parking . o r b i t  t i m e  l i n e  summary and f i g u r e s  AP 4-1 

and AP 4-2 presen t  launch phase te lemet ry  coverage a t  a 5 deg e l e v a t i o n  

angle  and p re - ign i t ion  sequencing and S-IVB second-bum coverage a t  a 

5 deg e l e v a t i o n  angle ,  r e spec t ive ly .  

AI? 4-1 
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5. PREDICTED PROPULSION SYSTEM PERFORMANCE 

This appendix conta ins  p red ic t ed  propuls ion system performance d a t a  i n  

suppor t  of the  s t a g e  o b j e c t i v e s  presented  i n  s e c t i o n  3. The d a t a  are 

submit ted i n  accordance wi th  t h e  requirements of t h e  MSFC S-IVB Stage 
Test  Information and PropuZsion System Perfomance Prediction Require- 
ments for F l i g h t  Tes t  PZanning document, ( r e fe rence  9 ) .  

Table AP 5-1 conta ins  t h e  p red ic t ed  performance of s e l e c t e d  S-IVB-502 

parameters and t h e i r  a s soc ia t ed  3 sigma d i spe r s ion  l i m i t s .  Table AP 5-2 

p resen t s  t he  5-2 engine t a g  va lues  which w e r e  used as a b a s i s  f o r  

computing the  p r e d i c t i o n s  shown i n  t a b l e  AP 5-1. Table AP 5-3 i s  a l i s t  

of symbols, w i th  t h e i r  d e f i n i t i o n s ,  used i n  the  t abu la t ed  summaries of  

t he  p red ic t ed  propuls ion  system performance as der ived  from t h e  AA89 

computer program ( t a b l e s  AP 5-4 and AP 5-5). Graphical r e p r e s e n t a t i o n s  

of t he  t abu la t ed  d a t a  are shown i n  f i g u r e s  AP 5-1 through AP 5-42, 

The propuls ion  system p r e d i c t i o n  as presented  i n  t h i s  appendix i s  based 

on p r o p e l l a n t  u t i l i z a t i o n  (PU) act ivate  t o  occur a t  Engine S tar t  Command 

(ESC) +8 s e c  f o r  f i r s t  burn,  

engine performace a t  the  h igh  mixture  r a t i o  of 5 . 5 ~ 1  f o r  t h e  remainder 

of t he  f i r s t  burn.  Second burn w i l l  occur  a f t e r  a two-orbit  coas t  

pe r iod ,  The 5-2 engine w i l l  s tart  wi th  t h e  PU va lve  i n  t h e  f u l l  open 

p o s i t i o n  (4e5 :1 )9  and a t  ESC +13 s e c  t h e  PU va lve  w i l l  move t o  t h e  n u l l  

p o s i t i o n  i n  approximately one sec, The remainder of t h e  burn w i l l  

ope ra t e  i n  t h e  c losed  loop mode with a PU system re fe rence  mixture  r a t i o  

of 5 ,0:1,  P rope l l an t  management w i l l  nominally main ta in  a l o w  EMR 

(4.5: l )  u n t i l  approximately ESC +lo0 s e c  t o  c o r r e c t  f o r  t h e  excess ive  

f u e l  load ,  which i s  a r e s u l t  of t he  mission c r i t e r i o n  t o  load LH2 €or  

t h r e e  o r b i t s  of b o i l o f f  and restart a f t e r  two o r b i t s  

P rope l l an t  management w i l l  maintain t h e  

The propuls ion  p r e d i c t i o n  is  based on a nominal f i r s t  burn t i m e  of 

128,8 sec from ESC; second burn dep le t ion  w i l l  occur a t  ESC +368.4 sec. 

AP 5-1 





I 

a o a ,  a E a  

a 

B 0 
0 

a, 
U 

a 
.rl 
3 
M 

rd 

m 
.rl 

U 
U w 

8 

E 
3 
P *  w 
u w  
m o  M u  

*rl 3 
F r u  

m : 
rl 
(d 
? 
d 
.?-I 
(d 
E 

2 
-rl 
M e 
a, 
a, 

n 
(d 

u c 
(d 
rl 
rl 
aJ a 
0 
$4 a 
rl 
(d u 
0 
H 

a 0 0  a c n m  
D a b  

8 
n n - + I  cj 

0 
0 
0 H 

b D O a  a 0  m o  
O N d N  E - 1 0  

m + I  + I  +I +I 

0 
m 

0 cn cv I+ + I  TI . + I  m +I +I 

m 
N 

m 
N 
rl 

0 u 0  
a a a ,  
v l m m  

0 u  0 
a , a J  a, 
m m  m 

U 
a, 
m 

B E E  
5 5 2  

H cn 
d 
H 
Fr 

rl 
(d c 
.rl a 
3 u 
.rl 
M 
d 
0 
d 
a, 

U 
m 
T 
a, 
M U  

2 3  
$ 2  
4E-1 

a, 
U 
(d 
k 
8 

7 4  
Fr 

x 
0 
d 

a, 
M 
(d 

. k  

4 
$ 

a, 
M 
(d 
k 
a) 

2 

a, 
M 
(d 
4-l 
cn 
a, 
M 
(d 
k 
a, 
3 

a, 
m 
rl 
3 

H 
8 
w 
w 
0 u 
3 
V 

VJ 

m 
3 
k 
C U 
E-l 
u rl 

rl 
a, a U 

k 0 
a, k 
PI pc 

3 
8 

0 
cn 

a 
a) a 
(d 
0 
I4 
rl 
(d u 
0 
H 

x 
0 
d 

rl 
(d 
U 
0 

E-1 

AP 5-3 



w 
w 
0 u 
3 
CJ 

k 
0 

? a 
rl 
.rl 
5 
P 

u 
m 
3 
k 
5 
al a 
5 
rl 
U 
G C  
-rl 0 

.rl 
u u  q 
m m  
a l G  
0 0  
n u  

m o m  
r l N m  
m m m  
rl 

+ I  ; 
+ I  + I  

0 
0 
0 

a 
rl 

n 

+ I  

m m m a  
m m m t i  
+ I  * + I  TI + I  

n o  
m o  
B O  

0 
m 

n 

+ I  

0 
0 
0 

cn 
e 

+ I  

m a n  

a o a  m r l a  

h 

E E E  
2 5 5  

aJ u 
(d 
k 
3 
0 
rl 
k-! 

3 
1-11 
aJ 
M 
(d 
k 
9) 

2 

aJ u 
(d 
k 
3 
0 
4 
F 
N 

5 

B 

aJ 
M 
(d 
Ll 

4 

al u 
(d 
k 

?i 

3 

rl 
F 
m 

c 
al 
M 
(d 
L) 
m 
a 
M 
(d 
k 
a, 

3 

aJ 
m 
rl 
3 

H 

u 
k 
(d u 
m 

2 

al 
m 
rl 
3 

H 

w 
w 
0 
L) 
5 
U 

@ 

5-4 



W 

2 3 

m 

3 

: 
G 

rl 
a 
3 

.rl 
M 

e 
.rl 
(d 
E 
aJ 

e a 
u 
8 
rl 
rl 
a, a 
0 
k a 
rl 
a u 
0 

E-c 

I u 
3 
U I  

- 5 3  
rl 

I 
0 0  
U U  

a m  
U k  

aa, 
.rl k 
3 
M U  u a w  
m e  

-rl k 
3 

U P  u w a  c e o  
M U  
3 a J  
e m  
u 
m .  
k w  

.rl w 
F r o  

92 

n n a w 
E-c E-c 

n n n  a n a  
E - l E - c E - c  

cn 4- 

h 03 
ul UJ m m 

0 U 
aJ al 
m m 

G E E  
rl * 5 5  

G E E  
5 5 5  

a 0 .rl .rl 
0 U E P  
k a J 0 k  
p c m c o  

N m 
J 

rl 
a u 
0 

E-c 

x 
0 
J 

N 

2 
rl 
a u 
0 

E-c 

AP 5-5 



2 w 

! 
2 

E E E  
5 5 5  

AP 5-6 



TABLE AP 5-2 
5-2 ENGINE TAG VALUES (ENGINE 2042)  

PARAMETER I UNITS 

T h r u s t  

Engine Mixture  R a t i o  

S p e c i f i c  Impulse 

T o t a l  P r o p e l l a n t  .Flowrate  

Fuel  F lowra te  

LOX Flowra te  

l b f  

LOX/LH2 

sec 

lbm/ s e c 

lbm/ s ec 

l b d s e c  

PU VALVE POSITION 
(MAXIMUM EXCURSION) 

229 187 

5.4846 

425.2 

539.60 

83 .21  

456.39 
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TABLE AP 5-3 (Sheet 1 of 3) 
DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 

PRINTOUT SYMBOL 

ASUBM 

C SUBFEV 

DEL 

DRAG 

FP S 

FSUBAUX 

FSUBE 

FUEL OVB 

GGMR 

HSUBF 

HSUBO 

IMP SUBT 

LP s 
OXID OVB 

PCC 

PFP I 

POP1 

RHOSUBF 

DEFINITION 
~~ ~ 

Stage axial acceleration, (g) 

Vacuum thrust coefficient 

PU valve position (deg) 

Atmospheric resistance to the motion of the vehicle 

Total engine propellant mixture ratio. 
the total engine LOX mass flowrate to the total engine 
LH2 mass flowrate 

The ratio of 

Engine specific impulse (sec). Engine thrust divided 
by engine mass flowrate 

LH2 pump speed (rpm) 

Auxiliary thrust (lbf) 

Stage thrust (lbf) 

LH2 passed overboard through engine and vents (lbm) 

Gas generator mixture ratio 

Height of LH2 above pump inlet (in.); computed from 
height versus volume polynominal 

Height of LOX above pump inlet (in.); computed from 
height versus volume polynominal 

Stage total impulse (lbf-sec) 

LOX pump speed (rpm) 

LOX passed overboard through engine and vents (lbm) 

Thrust chamber pressure (psia) (injector static 
pressure) 

LH2 pump inlet pressure, total (psia) 

LOX pump inlet pressure, total (psia) 

LH2 bulk density (lbm/ft3); calculated from pump inlet 
temperature plus a bias 

AP 5-8 



TABLE AP 5-3 (Sheet 2 of 3) 
DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 

PRINTOUT SYMBOL 

RHOSUBO 

TFPI 

TIME 

TOPI 

TTFHE 

TTFLH2 

TTMF 

TTMO 

TTOHE 

TTOLOX 

TTP SUBF 

TTPSUBO 

VSUBF 

VSUBO 

WDOTFBO 

WDOTFGG 

WDOTFPR 

WDOTFVO 

WDOTHE 

WDOTOBO 

WDOTOGG 

WDOTOVO 

WDOTSUBF 

DEFINITION 

LOX bulk density (lbm/ft3) ; calculated from pump inlet 
temperature plus a bias 

LH2 pump inlet temperature (deg R) 

Time from S-IVB stage engine start (sec) 

LOX pump inlet temperature (deg R) 

GHE in LH2 tank ullage (lbrn) 

GH2 in LH2 tank ullage (lbrn) 

Total mass in LH2 tank ullage (lbmi 

Total mass in LOX tank ullage (lbm) 

GHE in LOX tank ullage (lbrn) 

GOX in LOX tank ullage (lbrn) 

LH2 tank ullage pressure (psia) 

LOX tank ullage pressure (psia) 

LH2 volume in tank (f t ) 

LOX volume in tank (ft ) 

Rate of LH2 boiloff (lbm/sec) 

Gas generator LH2 flowrate (lbm/sec) 

LH2 tank pressurant flowrate (lbm/sec) 

Rate of GH2 vented overboard (lbm/sec) 

LOX tank pressurant (GHe) flowrate (lbm/sec) 

Rate of LOX boiloff (lbm/sec) 

Gas generator LOX flowrate (lbm/sec) 

Rate of GOX vented overboard (lbm/sec) 

Engine LH2 flowrate (lbm/sec) 

3 

3 
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TABLE AP 5-3 (Sheet  3 of 3) 
DEFINITION OF SYMBOLS USED WITH COMPUTER PROGRAM AA89 

~ 

PRINTOUT SYMBOL 

WDOTSUBO 

WDOTSUBT 

WFBOT 

WF I N  TANK 

WFPRT 

WE" PU 

WFPU USABLE 

WF USABLE 

WFVOT 

WOBOT 

WO I N  TANK 

wo PU 

WOPU USABLE 

WO USABLE 

WOVOT 

WSUBFT 

WSUBHE 

WSUBO ERROR 

WSUBOT 

WSUBV 

DEFINITION 
_ _ _ _ _ _ _ _ _ _ _  ~ 

Engine LOX f l o w r a t e  ( lbm/sec)  

T o t a l  p r o p e l l a n t  consumption, i n c l u d e s  a u x i l i a r y  
f lows  ( lbm/sec)  

Accumulated LH2 b o i l o f f  (lbrn) 

Weight of LH2 i n  t a n k  (lbm) 

Accumulated LH2 t a n k  p r e s s u r a n t  (lbm) 

PU i n d i c a t e d  LH2 weight  (lbrn) 

PU i n d i c a t e d  u s a b l e  LH2 weight  (lbrn) 

Usable  LH2 i n  t a n k  (lbrn) 

T o t a l  GH2 vented  overboard (lbm) 

Accumulated LOX b o i l o f f  (lbrn) 

Weight of  LOX i n  t a n k  (lbrn) 

PU i n d i c a t e d  LOX weight  (lbm) 

PU i n d i c a t e d  u s a b l e  LOX weight  (lbrn) 

Usable  LOX i n  t a n k  (lbrn) 

T o t a l  GOX vented  overboard (lbm) 

T o t a l  LH2 onboard (lbrn) 

Weight of hel ium i n  c o l d  hel ium s p h e r e s  (lbm) 

E q u i v a l e n t  LOX weight  e r r o r ,  d e f i n e d  as LH2 weight  
(PU i n d i c a t e d )  t i m e s  r e f e r e n c e  m i x t u r e  r a t i o  of PU 
system, s u b t r a c t e d  from LOX weight  (PU i n d i c a t e d )  
(Ibm) 

T o t a l  LOX onboard (lbrn) 

T o t a l  weight  of S-IVB p l u s  payload (lbm) 
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TABLE AP 5-4 (Sheet 1 of 3) 
PREDICTED S-IVB-502 PROPULSION SYSTEM PERFORMANCE (FIRST BURN) 

COMPUTER PROGRAM AA89 
1 

3 b 

i 
9 
10 
11  
12 
13 

1 
2 
3 L 
5 
b 7 

I 
9 
10 
1 
12 
13 

1 2 
3 
4 
5 
b 

8 
9 
10 
11  
12 13 

I 
2 
3 . 
5 
b 
7 
8 
9 
IO 
1 1  
12 
13 

I 
2 
3 
4 
5 b 1 

8 
9 
10 
11  
12 
13 

1 2 

4 

5 b 

8 9 

10 
11 12 
13 

1 
2 
3 b 
5 
b 
7 

8 9 

10 
I1 
12 
13 

1 

3 
b 
5 
b 

8 
9 
LO 
1 1  
12 
13 

1 

3 . 
5 
b 

8 9 
10 
11 
12 
13 

1 
2 
3 b 

5 b 
7 
1 9 
10 
11  
12 
13 

0.000 0.00 

0.000 0.000 

leb99 0,000 
0.000 
0.000 
0 .000  
0.000 

0.000 
0.000 

0 , 5 0 0  

111.51 0,000 

10.791 
lSb99 
0.b2b 0 ,000  

119,564 
0.000 
12.131 
330.000 0.000 
0.001 

1,000 
111.52 

0.000 
10.78b 
1.b99 
0,bZb 
0,000 

119.511 
0.000 
12.134 
330.000 
0.000 
0+001 

1.500 
181.53 
0.000 
10.1a1 

1, b99 0.b2b 
0,000 

819.Y99 
0.000 
12.137 

330.000 
0,000 
0.001 

2 ,000  
111.53 
0.000 
70,115 
l.b99 O.b2b 
0.000 

819,blb 
0.000 
12.139 

330.000 0 ,000  
0.001 

2.100 

181.5b 0.018 
0.527 

1, b99 
01b2b 
O.Pb2 

119.b36 0.000 
12.8b2 

0,003 
0.001 

3.000 
181.55 0.018 
b9.522 

1. b99 
0.bZb 
0*9b2 

819,b51 
0,000 
12,115 
330.000 
0,003 
0.001 

b.000 
39040.78 

1.111 
3b1.17b 

1.b99 
13b.547 
124b.934 

l4954.bbl 
0.000 
12.891 

319.951 
0.262 
0.114 

5.000 
133Obb.bS 

3.139 
4bP.bb8 

1,bW 
458,491 
bb19.714 
19169,994 O.POO 

12.971 
329.120 
0.109 
0.319 

~ao.ooo 

3ao.000 

0.000 39.7.0 
39.160 

1b4.000 10.90, 
0.350 
0.000 
5.300 
34.500 

0.000 39,100 
0.000 

0.000 
39.lbl 39.1bb 
lbb.000 
10,904 

0.350 
0.000 
5.300 
34.b71 
O.llY 

39.971 
0.000 

0.000 39.183 
39.181 

1 b4 .OOO 70.901 
0.350 
0.000 
5.300 

3b.150 
0.350 
bO.150 
0.000 

0.000 39.105 
39.109 

1 b b  -000 
10.9Ob 
0.350 
0.000 
5,300 

35,025 
0.525 b0.325 
0,000 

0.000 39 .121  
39.131 
164.000 
10.90b 
0.350 
0.000 
5.300 
35.200 

0.100 
40.500 0.000 

O.Obb 
39.841 
39.153 
lbb.000 10.901 
4.350 
0.000 
5.300 
35.375 
0.815 bO.b75 
0.000 

OaObb 39.870 39.874 

lbb.000 10.901 
0.350 
0.000 
5.300 

35.550 
1.050 

10.110 
0.000 

59.400 39.913 
bO.580 
lbb.001 10.904 

0.350 
0.090 
5.349 
35.900 

1.400 
bl.241 0.484 

223.599 
S9.951 
41.1'19 
lb4.001 
?0.904 
0.330 
0,110 
5.110 

3b.250 
1.150 

b1.130 
1.Stl 

YOOlSUlF 
l l B S U 0 F  
V F P l  
1FPI 
RHOSLRF 
YOOlF0O 
WOOIFPI 
l1FHE 

U F I O T  1lMF 
Y O O l f G G  
~ F m l  

r r r w  

0.000 32.700 
32.700 
s1.200 
6.319 0.000 
0 ~ 0 0 0  
11.bOO 
b0.200 
0.000 51.bOO 
0.000 
0.000 

2.5bb 32.855 
32.835 
31.201 
b.362 
0,000 0,000 
11.400 
b0.200 
0.000 
51,600 

0.000 

2.5b4 
33,010 
33,010 
31.201 b.362 
0.000 
0.000 
11.400 
b0.200 

0.000 
51,600 
0.110 
0,000 

2.5b5 33.1b5 
33.1b5 
38.202 
4.362 0,000 
0.000 
17.bOO 
bO12O0 
0.000 
11.600 

0 ,000  

2.5b5 
33.320 33.320 
31.203 
6.3b2 0.000 
0.000 
11.*00 40.200 
0.000 
11.b00 0.110 
0.000 

33.475 33.$15 
31.203 
4.342 
0.000 
0.000 
lI.400 40.200 
0.000 
57.b00 
0.110 
0.000 

2.5bb 33.b30 
33.b30 
38.204 
4.3C2 
0.000 
0.000 
11.400 
40.200 
0.000 
57.b00 
0.110 
0,000 

bb.72) 
33.910 
33.b81 
3b.205 
4.3b2 
0.000 
0.151 17.600 
bO.27b 
0,000 
57ablb 

2.002 
0,Olb 

59.800 
34.250 
34.08b 

4 J b 2  
0.000 
01303 
11,400 
40.503 

0.000 
31.903 
2.5bb 
0.303 

n . i i o  

n.110 

z.at~ 

3n.201 

"0011L81 
"SUB0 
VSU80 
YO PU 
YOPU C S 1 0 L I  
10 CS101E 
YO IN T l N X  
Y S U I O ~  
O X I D  EVE 
Yoolovo 
YOVCT 
O R I G  

O E L  * 5 U 8 I  

" S L 4 l  
M F  VU 
mFPU L I S I e L f  
IF U I A l L f  
IF 1N lANX 
wSU1FT 
FUfL OV8 
.oerrvo 
DFVOl 
* S U I V  
IMPIUI1 

c.000 199.281 

272Cob12 
C ,000 

l9215b.000 
lV29Ob.000 
1929Ob.000 
193213.000 

c.000 
0.000 c.000 
c.000 

2.5bb 
198.852 

2?2C .(TO 
191793.51b 
191925.191 
192015.191 
112905.82b 
1932T2.12b 

c.000 
0.000 
c.000 
0.000 

2.5b4 
191.812 

212C.bb11 
1'11793.711 
191'425.313 
192li15.313 
192905.641 
193172.640 

c.000 C.000 
C.000 
C.000 

2.5b5 
190.852 

2 12C .bbb 
191'93.912 
191925.51b 192Cl5.57b 

192905.bT5 
1 9 3 l l Z . b l 5  

C.OOO 
0.000 
C.000 C ,000 

2.5b5 
lI0.152 

272C.bbb 
19179l.lOb 
19l925~lTO 
192C15.710 
192905.299 
193172.299 

c.000 
C.000 
c.000 0.000 

Z.bl1 
198.851 

27ZC.bb2 
lPllPI.315 
191915.957 
192015.957 
192905.119 
193212.119 

C.0Ob 
c.000 
C.000 
c .000 

2.b11 19S.851 
212C.bY9 

19179b.539 
19192b.119 
192Olb.119 
1929Ob.9lb 
1932111914 

0.035 
c.000 C ,000 
c.000 

101.125 
198.808 

2720.130 
19115P~bll 
191889.213 
1920390213 
1921b1.211 
1*323*.211 37.318 

0.000 
0 .000  
0 , 0 0 0  

113.399 
19I.bII 

2711.4S3 
19lbbl~b43 
l9lllC.711 
19192C.lZI 
1927bI~Ob3 
193115.Ob3 ISb.201 

c.000 
0.000 
0.000 
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29.505 
38.372 

4.332 
0.000 
0.547 

17.400 
105.975 

0.000 
123.375 

3.645 
(15.176 

83.479 
29.711 
29.480 
38.373 

4.332 
0.000 
0.547 

17.400 
106.523 

0.000 
123.923 

3.649 
66.323 

83.483 
29.746 
29.457 
38.375 
4.345 
0.000 
0.547 

17.400 
107.070 

0.000 
124.410 

3.645 
66.871 

3~7.331 

n.ooo 

38.351 

542.363 32.400 
162.331 441.468 

2143.2L)b 0043.056 
152C55.194 29809.640 

151144.180 2b143.412 
151905.295 30863,910 
152272.295 34911.910 

40961.435 1531.139 
0.000 0.000 
0.000 0.000 
0.000 293329.203 

20621112.250 

15099s.1no 2 ~ 9 1 8 . 4 ~ 2  

0.000 0;000 
21ii96ao.500 

0.000 290609.223 

542.9b0 32.400 
157.880 437.856 

2046.028 1154.698 

0.000 0.000 
C.OOO 283161.332 

24085312.130 

542.860 32.400 
136.449 434.648 

2013.641 7618.467 
143C14.911 2*222.082 
I4lb06.201 24250,221 
141956.201 24475,221 
142702.604 33183.297 
143069.604 33233.297 

50163.146 9199.402 
C.OOO 0.000 
0.000 0.000 
0.000 282447.898 

25237976.500 

543.531 32.400 
153.689 428.229 

138410.697 23391.538 
137215.846 23415.706 
137365.846 23640.106 
138104.893 32345,512 
138471.893 32393.572 

54157.397 10033.653 
C.OOO 0.000 
C.OOO 0.000 
0.000 277010.461 

27512041.750 

194n.901 1465.914 

0.000 0,000 
0.000 216466.000 

211125661150 
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TABLE AP 5-4 (Sheet 3 of 3)  
PREDICTED S-IVB-502 PROPULSION SYSTEM PERFORMANCE (FIRST BURN) 

COMPUTER PROGRAM AA89 
I 
2 
3 
4 
5 
6 
7 
8 
9 
LO 
I 1  
I2 
13 

1 
2 
3 
4 
5 
6 
7 

9 
10 
I 1  
I 2  
13 

I 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
13 

1 

n 

: 
k 
5 
6 
7 
8 
9 

10 
I1 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
I 3  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

I 2  
13 

1 
3 
4 
J 
b 
7 
8 
9 

12 
13 

I 
2 
3 
4 
5 
6 
7 
8 

11 
12 
13 

10 11 

10 I1 

IO 9 

128.000 
230555.68 

3.511 
424,090 

1.729 
780.708 
8 69b I 90 4 
27103.913 

0,000 
10.766 

285eb5l 
0.994 
0.837 

118.150 
230564.61 

5.511 
42k.083 

1.729 
180.133 
869b1984 

27105.936 
0,000 
10.753 

285.336 
0.994 . 0.839 

128.850 
231712.13 

5.511 
426.194 

1.729 
785.156 
8141.862 
26853.753 

Pa000 
10.751 

285.294 
0.997 
0 . 8 4 3  

128,9SO 
199790158 

5.512 
40.433 

1.729 
616.990 
7533,410 
23139.835 

0.000 
10.749 

285.252 
0.997 
0.727 

129.050 
122218.43 

5.509 
425.480 

1.729 
kIk.137 
4618.393 
14193.341 

0.000 
10;74a 

285.210 
0.996 
0.k45 

129,150 
66530.49 

5.484 
425.510 

1.729 
157.669 
1756.918 .. . 
5 4 2 4 . 5 1 2  

O l O O O  
10.748 

285.168 
0.992 
0.169 

129.250 
19085.66 

5.779 
409.656 

1.729 
64.672 
754.478 

2210.422 
0,000 
10.747 

285,126 
1.045 
0.069 

129.350 
13872.08 

5sb39 
4OlI944 

1.729 
47.006 
556.869 
1671.852 

0,000 
10.747 

285.084 
1,020 
0,050 

129.450 
11827.59 

5.660 
398,392 
1,129 

40.078 
419,299 
1433.398 
- 0;ooo 
10,747 

285.042 
1.024 
0 . 0 4 3  

460.lJ7 
38.516 
41.117 
164.019 
70.861 
0.350 
0.420 
49.646 
79.300 
44.800 
128.946 
3.623 

k60.182 
31.579 
41.183 
lbk.019 
10.861 

01350 
0.k2O 
49.961 
79.J62 
45.062 
129.526 

3.623 

460.182 
38.581 
41.191 
164.019 
10.861 
0.350 
0.420 
50.003 
79.597 
45.097 
129.601 
3.630 

396.568 
11.596 
41.735 
164.019 
10.8bL 
0.330 
0.420 
50.045 
79.632 
k5.132 
1291678 

3.128 

243.118 
38.604 
41,564 
lbk.019 
70.861 
0.350 
0 . 4 2 0  
50.081 
79.667 
45.167 
129.755 
1.918 

92.416 
38,613 
40.336 
1b4.019 
7O.lbl 
0.350 
0.420 
50.130 
79.702 
45.202 
129.832 
0.730 

29.717 
38.621 
39.201 
164.019 
70.161 
0.350 
0.420 
50.172 
79.737 
45.237 
129.909 
0.313 

29.314 
38.630 
38.982 
164.019 
10.861 
0.350 
0. 420 

30.214 
79.772 
45.272 
129.986 

0.231 

25.231 
31.639 
38.918 
164.019 
10.861 
0.350 
0.420 
50.256 
79.807 
45.307 
130.063 
0.199 

03.491 
29.720 
29.431 

4,345 
0.000 
0.547 
17.400 
101.618 
0.000 

125,018 
3.646 
67.k18 

83.495 
29.701 
29.412 
30.377 
4.345 
0,000 
0.141 
17.400 

108.021 
0,000 

125.428 
3.646 

67.829 

83.495 
29.699 
29.410 
38.377 
4.345 
0,000 
0.547 
17.400 

108.083 
0,000 

125.483 
3.642 

67.883 

71.948 
29,696 
29.688 
38.377 

4.341 
0.000 

17.400 
108.138 
0.000 

125.538 
3.139 
67.938 

44.131 
20.694 
29.994 
38,377 
4.345 
0.000 
0.547 

11,400 
108.193 
0.000 

125.592 
1.925 

67.993 

16.866 
29.691 
29.955 
38.378 
k.345 
0.000 
01541 

11.400 
108.241 
0,000 

125.647 
0.136 
61.048 

b.873 
29.689 
29.783 
38.378 

4.345 
0.000 
0.547 
17,400 
101.302 
0.000 

123.702 
0.300 

68.102 

5.198 
29.686 
29.74b 
38.378 
4,341 
0.000 
0.1147 
17.400 
108.357 
0,000 

125a757 
0,221 
68.151 

4.457 
29.684 
29.729 
38.378 
4.343 
0.000 
0.547 
17.400 
108.412 
0.000 

125.811 
0.194 

68.212 

3e.376 

0.547 

143.b40 32.400 

-. . . . . . 
0;ooo 0,000 
0.000 0,000 
0.000 271376.969 

282336511750 

..... 
0.000 0.000 
0.000 274968,339 

2n40b~70,~oo 

543.670 32.400 
152.706 425.013 
1923.942 7370.102 

136710.931 23067.394 
13544J.Wk 23094.184 
135195.824 23319.184 
136332,039 32022.043 
136699.039 32070.043 
56528.1b3 10355.073 

c.000 0,000 
c.000 0,000 
0.000 274914.082 

2l429626.500 

109.352 32.400 
112.646 4 2 4 . 8 4 4  
1922.639 7366,058 

136619.2bk 23050.457 
135353.525 23077,406 
135503.525 23302+406 
136239.520 32005.110 
13660b.520 32053.110 
56621.277 10371.842 

0.000 0.000 
c.000 0,000 
C.000 274804.629 

28476122.250 

3 4 . 5 1 2  32.40n 
152.639 424.831 

1922.1110 7365.878 
136610.334 230k8~810 
135344.318 23075~781 
135494.510 13300.781 
136230.36J 32003.380 
136997.361 32051a380 
5663C.361 10373.463 

0,000 
0.000 

c.000 
c.000 
C.000 27k793.742 

21680578a750 

29.688 32.400 
1J2.637 424.828 
1922.k12 73bJ.781 

136607.b93 23048.325 
135341.U99 23075.301 
135491.8J9 23300.301 
136~27.633 3200z.wa 
136)94.633 32050.848 
56633.059 10373.940 

c.000 0.000 
c.000 0.000 
0.000 276790.480 

28481847.250 

1 
2 
3 
4 
9 
6 
7 
8 
9 
IO 
11 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

IO 
11 
12 
13 

I 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

I 
2 
3 
4 
5 
b 
7 
8 
9 

10 
I 1  
12 
I3 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
12 
13 

1 
2 
3 
4 
J 
6 
7 
8 
9 
LO 
I 1  
12 
13 

1 
2 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

129.550 
1075b.50 

J.675 
396.050 

1.729 
3b.448 

k38.639 
1308.660 

0,000 
10.747 

219.000 
1.026 
0.039 

129.650 
9339.60 

5.699 
392.114 

1.729 
31,647 

384.923 
1143.611 

0.000 
10,747 

214.958 
1.030 
0.034 

129.150 
7225.06 

5,750 
383.584 

1.729 
24.482 

304.801 
897,502 
0,000 
10.747 

28k.916 
1.ObO 
0.026 

129.00 
4861.70 

5.855 
366.494 

1.729 
16.474 

215.233 
6 2 2 1 4 2 2  
0,000 
10.747 

284,874 
1,059 
0.018 

129.950 
300k.91 
6.037 

338.179 
1.129 
10.182 
144,809 
406.099 
0,000 
10.747 

2 8 4 . 8 3 1  
1.092 
0.011 

130.050 
1825.64 
6.308 

299.275 
1.729 
6.166 

1001027 
268.451 
0,000 
10.747 

284.789 
1,141 

130.150 
0.00 
0,000 
0.000 
1.729 

0,000 
0,000 
0.000 
10.747 

284.747 
0.000 

0.007 

o.onn 

0.000 

130.250 
0.00 

0.000 
1.729 
0,000 
0.000 
0.000 
0.000 
10.747 

2 8 4 , 7 0 5  
0.000 
0.000 

l5Ol0O0 
0.00 
0.000 
0.000 
1.729 
0,000 
0.000 
0.000 
0.000 
-2.613 

234.328 
O.OCO 
0.000 

a m 0  

23.090 

38.897 
16b.019 
70.861 

0.350 
0.421 
50.291 
79.842 
45.302 

130.140 
0.182 

20.263 
38,616 
38.181 

114.019 
10.861 
0.3JO 
0.k21 
50.340 
79.877 
0.377 
130.217 
0.160 

31.647 

16.045 
38.664 
38.831 
164.019 
70.861 
0.350 
0.421 

50.382 
79.912 
45.412 
130.294 
0.127 

11.330 
38.673 
31.809 
lbk.019 
10.161 
0.3JO 
0.421 
50.k24 
79.947 
45.447 
130.371 
0.089 

7.623 
38.681 
38.168 
164.019 
70.861 
0.350 
0.421 

50.466 
79.982 
45.482 

130.448 
0.060 

5.266 
38.690 
38.744 
164.019 
70.861 
0.350 
0.421 

80.017 
45.517 
130.52) 

0 . 0 4 2  

50.901 

0.000 
38.699 
38.723 

164.019 
70.861 
0.310 
0 . 4 2 1  
50.550 
80.052 
45.552 

130.602 
0.000 

0.000 
38.707 
38.707 
164.019 
70.161 
0.350 
0.421 
50.592 
80.087 
45.587 
130.679 
0.000 

0.000 38.900 
38.900 
165.300 
70.630 
0.000 
0.000 
0.000 

320.173 
285.673 
376.142 
0.000 

4.069 
29.681 
29.722 
39.376 

4.345 
0,000 
0.547 
17.b00 
108.66b 
0.000 

125.811 
0,178 
68,267 

3.556 
29.679 
29.716 
38.378 
4.345 
0.000 
0.547 
17.400 

108.521 
0.000 

125.921 
0,155 
68.321 

2.791 
29.676 
29.707 
311,378 

4.365 
0.000 
0,341 
17.400 

101.576 
0,000 

123.976 
0,122 
68.376 

1.933 
29.b74 
29.697 
31.370 
4.345 
0,000 
OsS47  
17.400 

108.631 
0.000 

126.030 
0 . 0 8 4  

68.431 

1.263 
29.671 
29.686 
38.379 
4.345 
0,000 
0.547 
17.400 

108.685 
0.000 

126.085 
0.055 

68.486 

0.835 
29.679 
29.688 
38.379 

4 . 3 4 3  
0.000 
0.546 

17.400 
108.740 
0.000 

126.140 
0.036 

68.540 

n.ooo 
29,698 
29.702 
38.379 

4 . 3 6 3  
0.000 
0 . 5 4 3  
11.400 
108.794 
0.000 

120.194 
0.000 
61.591 

0.000 
29.717 
29.711 
38.379 

4 . 3 4 5  
0 , 0 0 0  
0.541 
17.400 
108,849 
0.000 

126.249 
0.000 
60.b49 

0.000 
33.400 
33.400 
38,800 
4.329 
0.000 
0,000 
44.995 
252.738 
2618.267 
297.493 
0,000 
73.988 

1.880 32.400 

0.000 0.000 274779.781 0,000 

28rai807~750 

c.000 0.000 
c.000 0.000 
C.OOO 274778.941 

~1486046,1100 

C.000 32.400 
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TABLE AP 5-5 (Sheet 1 of 5) 

COMPUTER PROGRAM AA89 
PREDICTED S-IVB-502 PROPULSION SYSTEM PERFORMANCE (SECOND BURN) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
I2 
13 

I 
2 
3 
k 
5 

1 
8 
9 

10 
11 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
I2 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
I1 
12 
13 

1 
2 
3 
4 
3 
6 
7 
8 
9 

10 
I1 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 
12 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I1 
12 
13 

1 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

150.000 
0.00 
0,000 
0,000 
1,698 
0,000 
0,000 

509.112 
0.000 

-2.615 
23k.328 
0.000 
0,000 

151.000 
243.21 
0.000 

131.859 
1.666 
0.655 
0.000 

588.370 
0,000 
-2.613 

23k.328 
0.000 
0.001 

152.000 
2k3.21 
0.000 

111.044 
1.666 

0,000 
698.667 
0,000 

-2.609 
2 3 4 . 3 2 8  
0.000 
0.001 

153.000 
243.21  
0.000 
95.904 
1.666 
0.855 
0.000 

801.965 
0,000 
-2,605 

234.328 
0,000 
0,001 

15k.000 
243.21 
0.000 
8k.397 
1.666 
0.855 
0,000 

919.264 
0.000 
-2.599 

23k.328 
0,000 
0.001 

155.000 
243.21 
0.000 
75.356 

1.666 
0.1155 
0,000 

1029.563 
0,000 
-2.593 

23k.328 
0.000 
0.001 

1S6.000 
2k3.21 
0.000 

11.611 
1.b66 
0.855 
0,000 

1864.511 
0.000 

-2.583 
234.328 
0,000 
0.001 

157.000 
243.21 
0.000 
36.564 

1,666 
0.855 
0,000 

2121.914 
0,000 
-2.569 

23k.328 
0,000 
0.001 

1111,000 
243.21 
0.005 
32.437 

1.666 
0.855 
0.917 

2 319.3 13 
0,000 

-1.953 
234.328 

0,001 
0.001 

0,055 

0.000 
38.900 
30.900 
165.300 
10.630 

0.000 
0.000 
0.000 

320.113 
285.673 
376.1k2 
0.000 

0.000 
38.908 
38.914 
165.302 
70.629 

0.000 
0.000 
0.000 

320.173 
2115.673 
376.142 
0.000 

0.000 
38.9<7 
36.922 
165.305 
70.629 

0,000 
0.000 
0.000 

320.113 
285.673 
37b.Ik2 

0.000 

0.000 
38.923 

165.307 
70.629 
0.000 
0.000 
0.000 

320.173 
281.613 
316.142 
0.000 

311.931 

0.000 
38.933 
311.939 
165.310 
70.628 
0.000 
0.000 
0.000 

320.173 
215.673 
310.142 
0.000 

0.000 
38.942 
311.941 
165.312 
70.628 
0.000 
0.000 
0.000 

320.173 
285.673 
31b.142 
0.000 

0.000 
38.950 
38.956 
165.315 

10.621 
0.000 
0.000 
0.000 

320.173 
211.673 
376.142 
0.000 

0.000 
38.958 
38.966 
165.311 
70.627 
0.000 
0.000 
0.000 

320.173 
285.673 
376.1k2 
0.000 

0.039 
3l.961 
30.912 
165.320 
10.626 

0.000 
0.000 
0.000 

320.173 
285.613 
316.142 

0.000 

1.58) 
33.400 
33.400 
38.800 
4.329 
0,000 
0.000 
44.993 
252.738 
26l8.267 
297.499 
0.068 
13.981 

1.84k 
33.400 
33.400 
311.801 
b.329 
0.000 
0.000 
k4.995 
252.738 

2618.261 
297.495 

0.078 
73.988 

2.190 
33.400 
33.400 
38.801 
4.329 
0.000 
0.000 
bk.995 
252.731 

2618.261 
291.495 
0.092 
73.988 

2.536 
33.400 
33.400 
38.802 
4.329 
0.000 
0.000 
54.995 
252.7311 

26111.261 
291.495 

0.101 
i3.98n 

2.882 
3 3 . 4 0 0  
33.399 
38.803 
b.329 
0,000 
0.000 
44.995 
252.738 

2618.261 
297.495 

0.121 
13.988 

3.221 
33.400 
33.399 
31.803 
b.329 
0.000 
0.000 
41.995 
252.738 

291.495 
0.136 
73.988 

5.845 
33.400 
33.395 
38.801 
4.329 
0,000 
0.000 
44.995 
252.731 
2610.267 
297.4P"J 

0.246 
13.981 

6.652 
33.400 
33.393 

4.329 
0.000 
0.000 
64.995 
212.138 

2611.2b1 
291.495 
0.280 

zbia.267 

m.80~ 

i3.98n 

1.k30 
33,400 
33.391 
30.103 
$.329 
0,000 
0.000 

44.995 
212.738 
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COMPUTER PROGRAM AA89 
PREDICTED S-IVB-502 PROPULSION SYSTEM PERFORMANCE (SECOND BURN) 

' 1  
2 
3 
4 
5 
6 
7 
8 
9 
IO 
I 1  
12 
13 

I 
3 
4 
5 
6 
1 
8 
9 

10 
I1 
12 
13 

1 
2 
3 
4 
5 
6 
1 
8 
9 

10 
11 
12 
13 

1 
2 
3 
k 
5 
6 
1 
8 
9 

10 
I 1  
12 
13 

1 

3 
k 
5 

7 
8 
9 

10 
I1 
12 
13 

1 
2 
3 

5 
6 
7 
8 
9 

10 
I1 
I2 
13 

I 
2 

k 

6 

8 
9 

IO 
11 
12 
13 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I 1  
I2 
I3 

I 

3 
k 
5 

7 
8 
9 

10 
11 
12 
13 

163.600 
20241n.33 

k.797 
443.345 

1,699 
691.815 

7936.596 
25458.647 
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164.000 
202400.67 

4.821 
k k O . 9 4 9  

1 a 699 
697.166 

7981,211 
25k62.821 

0,000 
-2.322 

233.188 
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0.749 
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432.662 
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7836.474 
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0.000 
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0,763 
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4.549 
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1.612 
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24630.962 
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0.000 
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0.000 
0.410 
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320.173 
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2.842 
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401.169 

2.842 
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38.901 
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38.840 
4.326 
0.000 
0.510 

44.995 
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7 9 . 0 4 3  
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31.045 
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2 6 1 8 ~ 2 6 7  
3*11.058 
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31.813 
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0.000 
0.797 

44.995 
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2611.261 
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....- 
0.000 2498;346 
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34011100.500 
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111183.492 22903.267 
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TABLE AP 5-5 (Sheet 5 of 5) 
PREDICTED S-IVB-502 PROPULSION SYSTEM PERFORMANCE (SECOND BURN) 
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Figure AP 5-4. Second B u r n :  LH2 and LOX Pump I n l e t  Pressures 
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Figure AP 5-15. Gas Generator Mixture Ratio 
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Figure AP 5-18. F i r s t  B u r n :  LH2 Pressurant Mass in Ullage 
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Figure AP 5-21. Second Burn: Helium Mass i n  Cold Spheres 
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Figure AP 5-23. Second Burn: Helium Mass i n  LOX Ullage 
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Figure  AP 5-25. F i r s t  Burn: LOX Tank U l lage Mass 
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Figure AP 5-26. Second Burn: LOX Tank Ullage Mass 
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Figure AP 5-27. First Burn: LH2 Tank Ullage Mass 
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Figure AP 5-28. Second Burn:  LH2 Tank Ullage Mass 
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Figure AP 5-30. LH2 Mass Onboard 
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Figure AP 5-31. First Burn: LOX Mass Boiled-off 
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Figure AP 5-32. Second Burn: LOX Mass Boiled-off 
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Figure AP 5-35. LH2 Mass Overboard 
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Figure AP 5-36. Total  P rope l l an t  Flowrates 

AP 5-54 



- - 40 

I I  b k  \ 
\ \ I 

30. 
I - FIRST BURN 

--- 
I '  

20 

-- l o  - 

0 A 4 8 i D E L  I \  1 1 1 1 1 1 1 1 1 1 
0 10 2 0  30 40 50 60 70 80 90 100 110 120 1: 

TIME FROM 90% THRUST ( S K I  

F igu re  AP 5-37. PU Valve Positions 

AP 5-55 



T I E  FROM 90% THRUST (SEC) 

TIME FROM 90% THRUST (SEC) 

Figure  AP 5-38. Engine M ix tu re  Rat io  

AI? 5-56 



TIME FROM 90% THRUST 

200 250 300 350 401 

T I 1 4  FROM 90% THRUST (SEC) I 
F igure  AP 5-39. Engine S p e c i f i c  Impulse 

AP 5-57 



9oc 

800 

70C 

60C 

50( 

T I E  FROM 90% THRUST (SEC) 

0 50 100 150 200 250 

T I E  FROM 90% THRUST (SEC) 

300 350 4c 
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6 .  PROPELLANT UTILIZATION DATA 

This appendix presents the data required for S-IVB stage propellant 

loading as well as data for flight control and evaluation. The propel- 

lant loading requirements for the S-IVB-502 stage are summarized in 

table AP 6-1. These requirements are based on the S-IVB final propulsion 

performance predictions (appendix 5) and on a programmed mixture ratio 

mode of operation with depletion cutoff. 

Propellant utilization (PU) system calibration data is presented in 

table AP 6-2. Figure AP 6-1 is a block diagram of the S-IVB-502 PU 
system. The motor, bridge, and feedback shaping network dynamics have 

been omitted as their effect on overall system response is negligible. 

The estimated PU analysis accuracies for ground loading and flight, based 

on the inflight mass characteristics (appendix 2 ) ,  are presented in 

table AP 6-3 ;  table AP 6-4 presents estimated flight propellant residual 

accuracies. 

Tabulations of the LH2 and LOX tank unique volume versus height data 

during ground loading, based on tank measurement data, are presented in 

tables AP 6-5 and AP 6-6.  The predicted LOX and LH2 level histories for ’ 

flight are shown in figures AP 6-2 and AP 6-3.  

Mass sensor nonlinearities resulting from tank-to-sensor mismatch 

including mass sensor manufacturing nonlinearities are presented in 

figure AP 6-4 for both the flow integral and volumetric calibrations. 

These corrections are based on acceptance firing data and unique tank 

measurements. The flow integral nonlinearities were used in the predic- 

tions presented in this report. 

Predicted mass corrections for flight dynamics effects are presented in 

figure AP 6-5. These corrections compensate for tank geometry changes 

caused by variations in tank skin temperature, vehicle acceleration, and 

differential tank pressures. Figure AP 6-6 provides the flight correc- 

tions for vehicle tilt caused by cg offset. 

The actual propellant mass onboard is determined by adding the appropriate 

corrections to the indicated mass values. During loading operations, 

AP 6-1 



tank-to-sensor mismatch and manufacturing nonlinearities are added to 

the indicated value. During powered flight, tank-to-sensor mismatch, 

manufacturing nonlinearities, flight dynamics, and vehicle tilt correc- 

tions must all be added to determine actual mass. Figure AP 6-7 presents 
the total predicted mass sensor corrections for flight using both the 

flow integral and volumetric calibration results. Again it should be 

pointed out that the flow integral values were used in the predictions 

presented in this report. The volumetric data will be used in conjunction 

with the stage and interstage weight and balance logs, to provide vehicle 

mass evaluation within 24 hr after launch. 
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TABLE AP 6-2 (Sheet 1 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 

PROPELLANT LEVEL 

LOX MASS SENSOR (E-9) 

(1) Helium Calibration Point 

Air Calibration Point (GN2) 

Probe Bottom (Cryogenic) 

Empty Calibration Point 

Full Calibration Point 

Probe Calibration Point 

Full Load (Pressurized) 

Full Load (Unpressurized) 

RMR Calibration Point 

(2)  

(3)  

(4)  

CAPACITANCE 
(Pf 1 

282.71 

282.86 

282 e 36 

279.62 

411.77 

412.76 

412.63 

413.07 

411.77 

MAS s 
( Ibm) 

1,788 

2,001 

1 ,270  

-2,774 

192,011 

193,470 

193,273 

193,273 

192,011 

COARSE MASS 
RATIO 

0.02036 

0.02132 

0.01805 

0.0 

0.86956 

0.87607 

0.87519 

0.87812 

0.86956 

FINE MASS 
RATIO ( A )  

Tap +0.01996 

Tap +0.02089 

Tap +0.01769 

Tap 

Tap +0.85217 

Tap +0.85855 

Tap +0.85769 

Tap +0.86056 

Tap +0.85217 

The above data are valid only when probe is immersed in GHe at ambient room 
conditions. 

NOTES : 

(1) When LOX tank is empty of propellant and filled only with GHe at one 

(2) The delta capacitance (full calibration point minus the helium calibra- 

atmosphere. 

tion point) is 129.96 pf, which is equal to a coarse mass ratio (CMR) 
of 0.86956 and a LOX mass of 192,011 lbm. 

0.87519, which is equal to a LOX mass of 193,273 lbm (pressurized). 
The maximum acceptable deviation from the nominal load is 5 0 . 5  percent; 
i.e., a minimum CMR of 0.87086 and a maximum of 0.87949. 

( 4 )  The L/C will be programmed to load to a CMR of 0.87812, which is equal 
to a LOX mass of 193,273 lbm (unpressurized). An L/C tolerance of 
- +0.5 percent of the desired load will yeild a minimum CMR of 0.87382 
and a maximum of 0.88242. The nominal CMR of 0.87812 will be used as 
the initial 100 percent value for the KSC propellant loading test. This 
value was based upon data obtained from the AS-201 and AS-203 propellant 
loading tests and launch countdowns. Additional adjustments to the CMR 
(unpressurized) may be required after the AS-502 Countdown Demonstration 
Test. 

(3) The loading computer (L/C) will be programmed to load to a CMR of 

AP 6-5 



TABLE AP 6-2 (Sheet 2 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 

PROPELLANT LEVEL 

LH2 MASS SENSOR (E-9) 

(5) Helium Calibration Point 

Air Calibration Point (GN2) 

Probe Bottom (Cryogenic) 

Empty Calibration Point 

Full Calibration Point ( 6 )  

Probe Calibration Point 

Full Load (Pressurized) (7) 

Full Load (Unpressurized) (8) 

Reference Mixture Ratio 
Calibration Point 

CAPACITANCE 
(Pf) 

973.30 

973.80 

974.34 

974.75 

1 , 165.87 

1 , 170.38 

1,180.00 

1,181.39 

1 , 165.87 

-8 

95 

206 

291 

39,587 

40,515 

42 , 493 

42,493 

39,587 

COARSE MASS 
RAT IO 

-0.00661 

-0.00432 

-0.00187 

0.0 

0.86956 

0.89010 

0.93386 

0.94017 

0.86957 

FINE MASS 
RATIO (A) 

Tap -0.00648 

Tap -0.00424 

Tap -0.00183 

T aP 

Tap +0.85217 

Tap +0.87229 

Tap +0.91519 

Tap +0.92137 

Tap +0.85217 

The above data are valid only  when probe is immersed in GHe at ambient room 
conditions. 

When LH2 tank is empty of propellant and filled only with GHe at one 
atmosphere. 

The delta capacitance (full calibration point minus the helium calibra- 
tion point) is 192.57 pf, which is equal to a coarse mass ratio (CMR) 
of 0.86956 and an LH2 mass of 39,587 lbm. 

The loading computer (L/C) will be programmed to load to a CMR of  
0.93386, which is equal to an LH2 mass of 42,493 lbm (pressurized). 
The maximum acceptable deviation from the nominal load is 20.5 percent; 
i.e., a minimum CMR of 0.92918 and a maximum of 0.93857. 

The L/C will be programmed to load to a CMR of 0.94071, which is equal 
to an LH2 mass of 42,493 lbm (unpressurized). 
- +0.5 percent of the desired load will yield a minimum CMR of 0.93600 and 
a maximum of 0.94542. The nominal CMR of 0.88270 will be used as the 
initial 100 percent value for the KSC propellant loading test. This 
value was based upon data obtained from the AS-201 and AS-203 propellant 
loading tests and launch countdowns. Additional adjustments to the CMR 
(unpressurized) may be required after the AS-502 Countdown Demonstration 
Test. 

An L/C tolerance of 
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TABLE AP 6-2 (Sheet 3 of 3) 
PROPELLANT UTILIZATION CALIBRATION DATA 

MASS AND CAPACITANCE REDUCTION FORMULAE 

LOX Mass = X(228,575) -7,345 

LH2 Mass = h(46,113) -632 

LOX Capacitance = h(155.08) +276.52 

LH2 Capacitance = A(224.27) +970.27 

LEG = T o t a l  i n t e g r a l  number p l u s  f r a c t i o n a l  p a r t  of 

f i n e  mass LEGS t r ave r sed  expressed as a decimal. 

Example: LEG = 18.49 i n d i c a t e s  t h a t  18 full LEGS 

have been t r ave r sed  p l u s  49/100 of t h e  n ine teen th  

LEG. 

REFERENCE MIXTURE RATIO ADJUSTMENT TO 5.00 

a. C a l i b r a t e  br idges  as shown i n  t a b l e  

b. Put  i n  AC = 192.57 pf on LH2 b r idge  

c. Put  i n  AC = 129.06 pf on LOX b r idge  

d. Adjust  b i a s  po ten t iometers  f o r  0.00 20.01 v o l t s  a t  t h e  
empty c a l i b r a t i o n  p o i n t  and wi th  the  above A C ' s  in t h e  
br idges .  
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TABLE AP 6-5 (Sheet 1 of 3) 
SATURN S-IVB-502 HEIGHT VERSUS VOLUME 

LH2 TANK-GROUND LOADING CONDITION 

*NOTE: Height is  the distance above the LH2 tank reference s ta t ion  248.574 
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TABLE AP 6-5 ( S h e e t  2 of 3) 
SATURN S-IVB-502 HEIGHT VERSUS VOLUME 

LH2 TANK-GROUND LOADING CONDITION 

IOTE: H e i g  

HEIGHT * 
(in.) 
251 800 
2 5 2  e 00 
253800 

255  8 00 
256000 
257gOQ 
258 8 00 
259100 
269900 
261~00 
262 e 00 
263 p 00 
264*00 
265 00 

254#00 

260 ('00 
267 00 
265,OO 
269 00 
270 8 00 
271100 
272100 
2 7 3 q O O  
2 7 4  8 00 
275 8 00  
275,OQ 
277tOO 
278  @ 00 
279 8 00 
2ao!  00 
2 a i m  
2 8 2 9 0 0  
2 8 3 1 0 0  
28ii 300 
2 8 5 s O O  
206,CO 
287a00 
2as,oo 
2a9,00 
290800 
291 $00 
292900 
293+-00 
294,OO 
295 p 00 
296 0 00 
297 00 
2 1 8  00 
299 9 00 
300 9 00 

VOLUME 
(ft3) 

6131,649 
6151,617 

6221,534 
6Z52,483 
6 2 3  1 , 4 2 7  

6341,235 

61913578 

6 3 %  1 p 364  

6371 8220 
.64(>1,133 
6431,052,  
6460,958 
6490,859 
6520 7 5 3  
6 5 5 0 , 6 4 2  
6580,525 
6 6 1 0 , 4 0 3  
6649 275  
6670  0 142 
6700,004 
6 7 2 9 , 8 6 0  
6'159, '1 12 
6789 ,559  
68 13 403 
6849 2 4 2  
6279 ,077  
6998 909 
6 9 3 8 * ? 3 8  
6368,564 
6 9 9 8 , 3 8 3  
7028gZl.O 
7058,031 
7087,350 
71.139 678 
7 t 4 7  E 4 89 
7177,308 
7207,129 
7236,952 
7266,777 
724'6 605 
7326 438. 
7 3 5 6  274 
7386,116 

7 4 4 5 , 8 2 0  
7 4 7 5 , 6 8 4  
7505 e 557  
7 5 3 5 * 4 it 0 
7 5 b f j P  33't 
7 5 9 5  2 f t O  

7 4  t15,9ss 

1 is  the distance above the LH2 tank reference s t a t i o n  2 4 8 . 5 7 4  
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TABLE AP 6-5 (Sheet 3 of 3) 
SATURN S-IVB-502 HEIGHT VERSUS VOLUME 

LH2 TANK-GROUND LOADING CONDITION 

HEIGHT * 
(in.  1 
347,OO 
3 4 8 9 0 0  
349,OO 
350,OO 
351,OO 
352,OO 
353,oc 
3 5 4 r 0 0  
355gQ0 
356qOO 
357000 
35g I 00 
359 g 00 
360  IO0 
361800 
362 ,OO 
363.00 
3 6 4 8 0 0  
3 6 S t U O  
365,QO 
367100 
368,OO 
1,69900 
37OcC'O 
371100 
372 8 00 
373 ,oo  
374  ,QO 
375.00 
376 00 
377 '00 
378800 
379 g 00 
360,OO 
3GlsOO 
3 n 2 , 0 0  
383,OQ 
3 8 4 . 0 0  

386,OO 
3e7900 
3 6 8  $00 
369,QO 
390.00 
33% 900 

385,QO 

VOLUME 
(Et31 

10009,844 
10027 , 077 
1 0 0 4 4 , 0 0 8  
10060,622 
lOO76p9j.6 
10092,885 
10108 8 524  
1O1238830 
10138 0797 
lOL53q422 
1Dl67 g 700 
101 61 626 
1Q1958197 
10208,407 

1 0 2 3 3 , 7 2 1  
102454  6 2 7  

10221 ,ZS?. 

10257,549 

10279,838 
10250,395 
10300,555 
10310,312 
103198662 
10328 t 600 
10337*'12J, 
1 9 3 4 5 , 2 2 0  
1 0 3 5 2 , 8 9 3  
10360 ,135  
10366,939 

10268,sa8 

10373,303 
103'79,220 
1 0 3 8 4 , 6 8 6  
10389,695 
1r )394,243 
l0398,323 
10401r333 

10407g715 
10/109,578 
1F411a549 

104Q5.085 

f 0 4 1 2 72 1 
1 Q 4 .b 3 39  1 

10413.713 
10413,552 

"NOTE: Height is the distance above the LH2 tank reference s ta t ion 248.574 
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TABLE AP 6-6 (Sheet 1 of 2)  
SATURN S- IVB-502  H E I G H T  VERSUS VOLUME 

LOX TANK-GROUND LOADING CONDITION 

VOLUME 
( f t 3 )  

,052, 
, 6 8 2  

1,787 
3 e 3 6 5  
5 9 (to6 
7,912 
10,873 
14 286 
18 * 146 
22,449 
27,190 
32 8 365 
37 g 963 
43  * 979 
5 0  4 5 1  
57,319 
64 t601 
72,293 
8c\ 389 
8 0  g 9 8 8  
9 7 , 7 8 3  
3Q7tQ73 
116,753 
126,820 
137 p 263 
148,097 
153,300 
170 t 975 
182 ,818  
'195,125 
207,794 
2201819 
234,198 
247,927 
262,003 
2769421  
291 8 178 
306 9 2-71 
321,676 
3371 450 
353 e 523 
3 6 9 , 9 2 8  

403.677 
421.rO19 
438 8 668 
4 5 5  8 620 
474,872 
493,419 
512,260 

3 8 6.6 ft 5 

VOLUME 
( f t 3 >  

5 3 2 * 3 8 8  
550 e E O 3  

n 498 
5 9 0 , 4 7 2  
610,719 
6 3 1  E 237 
6 5 2 8 0 2 %  
673 I 071, 
6 9 4  fi 378 
715,942 
737,758 
7 5 9 , 6 2 3  
7829133 
8 0 2 + g  6 8 3  
627fi472 
850149' t  
8 7 3 , 7 4 7  
897,227 
9201929 
9/t4 1551 
968,908 
9 9 3 , 3 3 8  
1017,896 
1 0 4 2 , 6 5 9  
1067,623 
1037-, ' /04 

1143,686 

1195,334 
122  I n 47-3 
1 2 4 7 , 70 I 
I274 , 144 
1300,756 
1 3 2 ? , 5 3 4  
1354,473 
I361 8 578 
14O8 p 822  
1 4 3 6 s  146 
1463s3 .66  
1 4 9 0 , 2 2 8  
1 5 17 e 0 3 0 
1 5 4 3 8 6 6 7  

159bp433 
1 6 2 2 8 5 5 5  
1648,498 

m a , i w  
i i m , r , i a  

1570 I36 

I 6 7 4  I 2 5 9  
1 6 9 9 , 8 3 4  
9725,229 

'NOTE: Height i s  the  d i s t ance  above t h e  LOX tank re ference  s t a t i o n  156.416. 
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TABLE AP 6-6 (Sheet 2 of 2) 
SATURN S-IVB-502 HEIGHT VERSUS VOLUME 

LOX TANK-GROUND LOADING CONDITION 

VOLUME 

2684 e 1 4 3  
2694 8 691 

(ft3) 

2-70', e a57 
2714,637 
2 7 2 4  8 027 
2 7 3 3 , 0 2 4  
27ftlr623 
2749 e 821 
2757.61% 

VOLUME 
(ft3) 

2764  '338 
2771,970 
2778 8 526  
2 7 8 +  , 6 6 3  
2790 8 375 
2795 661 
26001  515 
23048934 
2808,915 

HEIGHT * 
(in.) 
169,OO 
170 00 
171800 
172,oo 
173pOO 
174,CO 
' * I  '7 5 g 0 0 
1-15 00 

VOLUME 1 

2 8 1 2 , 4 5 3  

2 8 1 8 , 1 8 6  
2820 a 3-74 
2 e 2 2 , 1 0 4  
2823,373 
2824.176 

(f t'l) 
2 8 1 5 . 5 4 4  

2 8 2 4 , 5 1 1  

"NOTE: Height i s  the distance above the  LOX tank reference s t a t i o n  156.416. 
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Figure AP 6-4. Tank-To-Sensor Mismatches Including Manufacturing 
Nonlinearities (Sheet 1 of 2) 

AP 6-18 



0 4 a 12 16 20 24  28 32 36 40 44 48 
TOTAL LH2 W S S  (LBM X l o 3 >  

Figure  AP 6-4. Tank-To-Sensor Mismatches I n c l u d i n g  Man'ufacturing 
N o n l i n e a r i t i e s  (Sheet 2 o f  2) 
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7. PREDICTED SEPARATION AND CONTROL PERFORMANCE 

7 .1  General 

This appendix conta ins  p red ic t ed  s t a g e  sepa ra t ion ,  p r e f l i g h t  c o n t r o l  

t r a n s i e n t  s imula t ions ,  and c o n t r o l  performance curves ( f i g u r e s  AP 7-1 

through AP 7-3). 

Nominal re la t ive motion and p red ic t ed  s e p a r a t i o n  h i s t o r y  between t h e  

S-I1 and the  S-IVB s t a g e s  ( f i g u r e s  AP 7-2 and AP 7-3) were der ived  by 

us ing  t h e  r e s u l t s  of 5-2 engine performance on Saturn I B  f l i g h t s .  

7.2 P red ic t ed  P r e f l i g h t  Control  Trans ien t  Simulation 

Body a t t i t u d e  t r a n s i e n t s  of varying magnitude are expected fol lowing 

S-I I /S- IVB s e p a r a t i o n ,  and act ive guidance i n i t i a t i o n .  The nominal 

t r a n s i e n t s  expected during these  per iods  of f l i g h t  w i l l  be  s imulated 

and graphs of t he  r e s u l t i n g  a t t i t u d e  e r r o r s ,  A P S  f i r i n g s ,  and engine 

d e f l e c t i o n s  w i l l  be  included i n  a r e v i s i o n  t o  t h i s  document. The 

s imula t ion  program so lves  t h e  v e h i c l e  equat ions of motion f o r  t h r e e  

r o t a t i o n a l  degrees  of freedom. The equat ions  of motion inc lude  the  

main engine c o n t r o l  system equat ions  (with servo-loop n o n - l i n e a r i t i e s ) ,  

r o l l  c o n t r o l  system equat ions ,  ST-124M s t a b l e  p la t form equat ions  (with 

t r a n s p o r t  de l ays ) ,  and the  equat ions  r ep resen t ing  aerodynamic f o r c e s ,  

p r o p e l l a n t  s lo sh ing  f o r c e s ,  and u l l a g e  rocke t  and main engine t h r u s t  

vec to r  misalignment. 
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8. ADDITIONAL PREDICTED PERFORMANCE DATA 

This  appendix p r e s e n t s  a d d i t i o n a l  p red ic t ed  performance d a t a  and des ign  

performance levels not  presented  i n  o t h e r  areas of t h e  test p lan .  

F igure  AP 8-1 p r e s e n t s  p red ic t ed  S-IVB-502 hydrau l i c  system ope ra t ing  

levels,  which are based on acceptance f i r i n g  da ta .  

through AP 8-5 show t h e  p red ic t ed  load p r o f i l e s  f o r  t h e  forward and a f t  

b a t t e r i e s ,  based on S-IVB-502 acceptance f i r i n g  da ta .  Figures  AP 8-6 and ,  

AP 8-7 d e p i c t  t h e  p red ic t ed  envelope of composite v i b r a t i o n  and a c o u s t i c  

levels e s t a b l i s h e d  on d a t a  obta ined  from Saturn  I and I B  f l i g h t s ,  and 

S-IVB acceptance f i r i n g s .  

F igures  AP 8-2 

The d a t a  a c q u i s i t i o n  system des ign  to l e rances  are as fol lows:  

a. Radio frequency: 

(1) The s i g n a l  s t r e n g t h  of each RF l i n k  s h a l l  b e  g r e a t e r  than  

f i v e  microvol t s  a t  t h e  receiver of one o r  more ground 

s t a t i o n s  during t h e  fol lowing t i m e  i n t e r v a l s :  

(a )  FM l i n k s  1, 2, and 3 T1 t o  engine cu to f f  +80 sec 

(b) S ingle  sideband l i n e  T t o  engine cu to f f  +29 sec 

(c)  PCM l i n k  T t o  engine cu to f f  +82.1 sec 

The output  of a l l  RF a m p l i f i e r s  s h a l l  be 15 w a t t s ,  minimum 

under a l l  o p e r a t i v e  and environmental  condi t ions  

1 

1 

(2) 

(3) The RF i n s e r t i o n  l o s s  between t h e  power a m p l i f i e r  ou tput  

and t h e  i n p u t  t o  any of t h e  a p p l i c a b l e  antennas s h a l l  not  

exceed 7.5 db 

( 4 )  The VSWR, as computed from forward and r e f l e c t e d  power of 

t h e  antenna elements ,  s h a l l  n o t  exceed 1.7:l. 

b. Accuracy of FM/FM t e lemet ry  systems Nos. 1, 2, 3 and SSB/FM 

s y s t e m  : 

(1) Each FM/FM t e lemet ry  system s h a l l  be k l . 5  pe rcen t  from 

t h e  i n p u t  t o  t h e  t r a n s l a t o r  through t h e  ground s t a t i o n  

receiver 

AP 8-1 



(2) The SSB/FM system s h a l l  be 215 percent from t h e  input 

t o  the  t r a n s l a t o r  through t h e  ground s t a t i o n  rece iver .  

c. Correlation of PAM and PCM d a t a  (between the  PAM/FM/FM and 

PCM/F'M systems) s h a l l  be wi th in  th ree  percent.  

d. F l igh t  t a p e  recorder:  

The tape  recorder fast-record and playback speed s h a l l  

become s t a b i l i z e d  t o  design to le rance  within 4 sec  

a f t e r  turn-on 

Wow and f l u t t e r ,  a f t e r  s t a b i l i z a t i o n  of tape speed, s h a l l  

be wi th in  the  design to le rance  of 1 percent,  RMS (root- 

mean-square) of mean speed under any and a l l  environmental 

conditions encountered 

Recovered recorded da ta  a f t e r  t ape  speed compensation 

s h a l l  agree with real  time da ta  within the  tolerance: 

1 .5  percent of f u l l  scale 

0.5 percent of f u l l  scale 

FM/FM 

PAM/FM/FM 

3.0 percent of f u l l  scale PCM/FM 
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9 .  RADIO FREQUENCY A L L O C A T I O N  

SSB/FM 

PCM/FM 

PAM/FM N o .  1 

The following radio frequencies will be used for S-IVB-502 telemetry 

and range safety transmitters: 

226.2 M c  

232.9 M c  

258.5 Mc 

I USAGE I FREQUENCY I 

PAM/FM N o .  2 

PAM/FM N o .  3 

246.3 M c  

253.8 M c  

I 450 Mc I Secure Range Safety I 

AP 9-1 
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TABLE AI? 10-1 (Sheet 1 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREXIATION 

AA8 9 

AACS 

AB77 

AB79 

ac 

AC77 

AGC 

amp 
A P S  

AS 

ccs 
OC 

CECO 

cg 
CIF 

CM 

CMR 

cent 

CPS 

-- 
-- 
-- 
-- 

Average Mixture ratio 

Average thrust or 
specific impulse 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

Composite data 
(acoustic and 
vib r at i on> 

DEFINITION 
~~ 

Designation of DAC propulsion system 
performance computer program 

Auxiliary attitude control system 

Designation of DAC S-IB trajectory 
s imu 1 at ion comp ut e r program 
Designation of DAC Saturn S-IVB radar 
look angle computer program 

Alternating current 

Designation of DAC S-IVB trajectory 
simulation computer program 

Apollo guidance computer 

Ampere 

Auxiliary propulsion system 

Apollo Saturn 

The time average of the propellant 
mixture ratio over 1-sec time intervals 
between 90 percent thrust buildup and 
Engine Cutoff Command 

Determined between the time of 
90 percent thrust and Engine Cutoff 
Command 

Command communication system 

Degree centigrade 

S-IC stage Center Engine Cutoff Command 

Center of gravity 

Central Instrumentation Facility 

Command module 

Coarse mass ratio 

The total energy of the oscillatory 
phenomenon, consisting of all 
frequencies and amplitudes sensed by 
the transducers, and represents the 
phenomenon at the point of measurement 
within the limitations of the data 
acquisition and reduction systems 

Con t ro 1 
Cycles per second 
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TABLE AP 10-1 (Sheet 2 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

CSM 

cvs 
D 

DAC 

DAC/FTC 

DAC /HB 

DAC/STC 

DDAS 

DOD 

EBW 

ECC 

ECS 

EDS 
-- 

EMR 

TERM 

-- 
Deplet ion Engine Cut- 
o f f  Command 

-- 
-- 

E f f e c t i v e  burn t  i m e  

Engine p r o p e l l a n t  
mixture  r a t i o  

-- 
Engine cu tof f  
( app l i cab le  f o r  
o r i g i n a l  i s s u e  of 
f l i g h t  t es t  p l ans  
only 1 

DEFINITION 

Command Serv ice  Module 

Continuous vent  system 

Drag 

Douglas A i r c r a f t  Company 

Douglas A i r c r a f t  Company, 
F l o r i d a  Test Center 

Douglas A i r c r a f t  Company, 
Huntington Beach 

Douglas A i r c r a f t  Company, 
Sacramento Test Center  

Decibel  

Degree 

The t i m e  t h a t  engine cu tof f  w a s ,  o r  
would b e ,  i n i t i a t e d  by t h e  dep le t ion  
level sensors  

D i g i t a l  d a t a  a c q u i s i t i o n  system 

Department of defense  

Exp 1 o d i n  g b r i d gew i r e 

Engine Cutoff Command 

Environmental c o n t r o l  system 

Emergency d e t e c t  i on  sys  t e m  

The engine burntime from 90 pe rcen t  
t h r u s t  bui ldup t o  Engine Cutoff Command 

The r a t i o  of engine LOX mass f lowra te  
t o  LH2 mass f lowra te .  Includes gas 
genera tor  opera t ions  

Engine 

The guidance cu to f f  t i m e  r e f e r r e d  t o  
i n  t h i s  i s s u e  of t h e  tes t  p l an  i s  
intended t o  be a r e p r e s e n t a t i v e  event  
t i m e  and should n o t  be construed as 
t h e  DAC p red ic t ed  guidance cu tof f  
t i m e .  The DAC p red ic t ed  guidance 
cu to f f  t i m e  i s  undetermined a t  t h i s  
d a t e  due t o  lack  of t r a j e c t o r y  
information.  
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TABLE AP 10-1 (Sheet 3 of 9) 
GLOSSARY AND AB BREVI  AT IONS 

ABBREVIATION 
-- 

ESC 

ESE 
-- 

ETD 

OF 

F823 

FD&C 

FM 

FP R 

f P  S 

FTA 

f t  

FTC 

g 

GG 

GH2 

GHe 

GN 2 

GOX 

TERM 

Engine cu to f f  
t r an s ien t 

- 

- -- 
-- 

Engine s t a r t  t r a n s i e n t  

Engine s t eady- s t a t e  
ope ra t  ion  

Flow i n t e g r a l  propel-  
l a n t  m a s s  h i s t o r y  

-- 
F l i g h t  performance 
reserve 

-- 
G r a v i t a t i o n a l  accelera- 
t i o n  

DEFINITION 

Engine ope ra t ion  dur ing  t h e  per iod  
from t h e  Engine Cutoff Command u n t i l  
t he  end of t h r u s t  decay 

Engine S t a r t  Command 

Elec t r ica l  Support Equipment 

Engine opera t ion  during t h e  pe r iod  from 
the  Engine S t a r t  Command u n t i l  t h e  t i m e  
of 90 pe rcen t  t h r u s t  (approximately a 
3-sec per iod)  

Engine ope ra t ion  during the  per iod  
from t h e  t i m e  of 90 percent  t h r u s t  
u n t i l  Engine Cutoff Command 

End of t h r u s t  decay 

Degree f ah renhe i t  

Designat ion of DAC propuls ion  system 
performance computer program 

That p r o p e l l a n t  mass h i s t o r y  determined 
by combining independent engine ana lyses  
by a s t a t i s t i c a l  method 

F l i g h t  Dynamics and Control  

Frequency modulation 

Usable mass onboard a t  p red ic t ed  
guidance cu tof f  

Feet  p e r  second 

F l i g h t  t e s t  a r t i c l e  

Foot 

F l o r i d a  Test Center 

The a c c e l e r a t i o n  produced by t h e  f o r c e  
of g r a v i t y ,  which varies wi th  t h e  
a l t i t u d e  and e l e v a t i o n  of t he  p o i n t  of 
observa t ion .  The value 32.1739 f t / s e c 2  
has been chosen as the  s tandard  by 
i n t e r n a t i o n a l  agreement €or  sea level 
a t  45" n o r t h  l a t i t u d e  

Gas genera tor  

Gaseous hydrogen 

Gaseous helium 

Gaseous n i t rogen  

Gaseous oxygen 
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ABBREVIATION 

gpm 
GSE 

GSFC 

h 

HB 

He 
H:M:S 

HOSC 

hr 

H /w 
IAS 

IECO 

IGM 
INT 

IPG1CL 

I 
IU 

kc 

km 

KS C 

lbf 

lbm 

SP 

L /c 
LEM or 
L.E.M. 

LET 

LH2 

LLM 

LM 

LOX 

TABLE AP 10-1 (Sheet 4 of 9) 
GLOSSARY AND ABBREVIATIONS 

TERM - 
-- 
-- 
-- 

DEFINITION 

Gallons per minute 

Ground support equipment 

Goddard Space Flight Center, 
Greenbelt, Maryland 

Altitude 

Huntington Beach, California 

Helium 

Hours, minutes, seconds 

Huntsville Operations Support Center 
Hour 

Hardwire 

Initiation of automatic sequence 

S-IB stage Inboard Engine Cutoff 
Command 
Iterative guidance mode 

Internal 

Instrumentation Program and Components 
List 
Specific impulse 

Instrument Unit 

Ki 1 o cy c le s 
Ki 1 ome t er 
Kennedy Space Center 

Pounds force 

1/32.1739 slug 
Loading computer 

(See LM) 

Launch escape tower 

Liquid hydrogen 

Lunar landing mission 

Lunar Module 

Liquid oxygen 
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TABLE AP 10-1 (Sheet 5 of  9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

LV 

Mc 

LVDC 

Mod 

M O I  

MOV 

m 

MIS 

MS C 

MS FC 

MS S 

MSSD 

mvdc 

N /A 

NASA 

N C  

nmi 

NO 

No e 

NOM 

NPSH 

NPV 

OECO 

OVRD 

oxid 

PAM 
-- 

-- 
Ninety pe rcen t  t h r u s t  
bui ldup 

Payload 

DEFINITION 

Launch v e h i c l e  

M i  1 i cycle  

Launch Vehicle D i g i t a l  Computer 

Module 

Moment of i n e r t i a  

Main o x i d i z e r  valve 

Mach number 

Mains t age  

Manned Spacecraf t  Center ,  Houston, 
Texas 

Marshall  Space  F l i g h t  Center 

Mobile s e r v i c e  s t r u c t u r e  

Missile and Space Systems Divis ion  

M i l l i v o l t  - d i r e c t  c u r r e n t  

Not ap p 1 i cab 1 e 

Nat iona l  Aeronautics and Space 
Adminis t ra t ion 

Normally c losed  

T i m e  from Engine S t a r t  Command u n t i l  
t he  l a s t  engine chamber p re s su re  
( i n j e c t o r  end) reaches 618 p s i a  

Naut ica l  m i l e  

Normally open 

Number 

Nominal 

N e t  p o s i t i v e  suc t ion  head 

Nonp ropuls  ive vent  

S-IB o r  S-IC s t a g e  Outboard Engine 
Cutoff Command 

Override 

Oxidizer  

Pulse  amplitude modulation 

A l l  po r t ions  of t h e  v e h i c l e  above t h e  
S-IVB/IU 
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TABLE AP 10-1 (Sheet 6 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

PCM 

PD 

Pf 
PMR 

-- 

PIS 

p s i a  

p s i d  

P s i g  
p s i l h r  

PTCS 

PU 

-- 

4 
O R  

RACS 

RCS 

r eg  
RF 

r m s  

RMR 

TERM 

-- 

Programmed mixture  
r a t i o  

P rope 1 l a n  t res i dua 1 s 

-- 
PU sys  tern p r o p e l l a n t  
mass h i s t o r y  

PU system r e s i d u a l s  

DEFINITION 

Pu l se  code modulation 

P r o p e l l a n t  d i spe r s ion  

C ap ac i t a n  ce 

A method of c o n t r o l l i n g  t h e  PU valve 
mixture  r a t i o  t o  o b t a i n  maximum 
e f f i c i e n c y  of t h e  s t age .  The propel-  
l a n t  loadinq i s  provided t o  cause 
the  PU system t o  command t h e  PU va lve  
a g a i n s t  t h e  LOX r i c h  s top  f o r  t he  
i n i t i a l  po r t ion  of f l i g h t  and then  
decrease  t o  a lower mixture  r a t i o  
during t h e  f i n a l  p o r t i o n  of f l i g h t  

The sum of LOX and LH2 remaining on- 
board a t  Engine Cutoff Command. The 
r e s i d u a l s  inc lude  both  usable  and 
t rapped p r o p e l l a n t s  

Pulse  sensor  

Pounds p e r  square inch  absolu te  

Pounds p e r  square inch  d i f f e r e n t i a l  

Pounds p e r  square inch  gauge 

Pounds p e r  square inch  hour 

P r o p e l l a n t  tanking computer system 

P rop e 1 1 a n t  u t  i 1 i z a t  i on 

That p r o p e l l a n t  mass h i s t o r y  determined 
f o r  f l i g h t  by t h e  PU system 

Those p r o p e l l a n t  r e s i d u a l s  above t h e  
main p r o p e l l a n t  valves  determined by 
the  PU system 

Dynamic p res su re  

Degree rankine 

Remote automatic  c a l i b r a t i o n  system 

React ion con t ro l  system 

Regulator  

Radio frequency 

Root mean square 

Reference mixture  r a t i o  
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TABLE AP 10-1 (Sheet 7 of 9 )  
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

rPm 

R/ S 

rss 

S 

sc 

s co 

sec 

s-I1 

S-IB 

s-IC 

S-IVB 

SLA 

SLG 

SLF 

SP s 
sov 
SSB/FM 

SSB 

sss 
STC 

t 

T 

T1 

TERM - 

-- 
-- 

Spacec ra f t  

Sa turn  I B  

-- 

DEFINITION 

Revolutions p e r  minute 

Range s a f e t y  

Root sum square 

Surface  range ( f t )  

Inc ludes  Apollo command and service 
module and LM adapter  

Sub-carr ier  o s c i l l a t o r  

Second 

Second s t a g e  of t h e  Sa turn  V (500) 
series of veh ic l e s  

F i r s t  s t a g e  of t he  Sa turn  I B  (200) 
series of veh ic l e s  

F i r s t  s t a g e  of t h e  Sa turn  V (500) 
series of veh ic l e s  

Second s t a g e  of t h e  Sa turn  I B  (200) 
series of v e h i c l e s  and t h i r d  s t a g e  of 
t he  Sa turn  V (500) series of veh ic l e s  

Spacecraf t  LEM adapter  

Slug 

Slug f e e t  squared 

Engine system u n i t  of mass 

Service propuls ion  system 

Shutoff valve 

S ing le  sideband modulation 

S ingle  sideband 

Stage swi tch  s e l e c t o r  

Sacramento Test Center 

T i m e  

Countdown t i m e  from prospec t ive  l i f t o f f  
o r  as s p e c i f i c a l l y  def ined  i n  t h e  t e x t  

T i m e  base No. 1: I n i t i a t e d  a t  l i f t o f f  
by umbi l ica l  disconnect  

T i m e  base No. 2 :  A t  S-IC c e n t e r  engine 
cu tof f  t i m e  base i s  a c t i v a t e d  i f  v e h i c l e  
has s u f f i c i e n t  downrange v e l o c i t y  
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TABLE Ap 10-1 (Sheet 8 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION 

T3 

T4 

T5 

T6 

T7 

TBD 

T L I  

T /M 
TWX 
-- 

TP &E 
-- 

-- 
-- 
-- 
-- 

T o t a l  dep le t ion  burn- 
t i m e  

T o t a l  p r o p e l l a n t s  
consumed 

T o t a l  s t a g e  burntime 

T o t a l  s t a g e  mass 
h i s t o r y  

-- 
Unus ab l e  p r o p e l l a n t s  

DEFINITION 

T i m e  base  No. 3: I n i t i a t e d  a t  S-IC 
outboard engines cu to f f  

T i m e  base  No. 4: I n i t i a t e d  a t  S-I1 
engines  cu to f f  

T i m e  base  No. 5:  I n i t i a t e d  by S-IVB 
engine f i r s t  burn cu to f f  

T i m e  base  No. 6 :  I n i t i a t e d  by an LVDC 
command based on an equat ion o r  by 
ground command 

T i m e  base  No. 7: I n i t i a t e d  by S-IVB 
engine second burn cu to f f  

To be determined 

Trans lunar  i n j e c t i o n  

Telemetry 

T e  1 e t yp e 

The engine burntime from Engine S t a r t  
Command t o  the  t i m e  t h a t  t h e  dep le t ion  
Engine Cutoff Command would have been 
i n i t i a t e d  

That amount of l i q u i d  p r o p e l l a n t s  
consumed from Engine S ta r t  Command t o  
Engine Cutoff Command. Includes 
engine consumption, b o i l o f f ,  and LH2 
tank p res su ran t  

The engine burntime from Engine S t a r t  
Command t o  Engine Cutoff Command 

A compilat ion of all f i n a l  hardware, 
p r o p e l l a n t ,  and gas masses. The 
measured and computed mass of each 
c o n s t i t u e n t  i s  ad jus t ed  wi th in  i t s  
accuracy band so  t h a t  t h e  t o t a l  s t a g e  
mass a t  Engine S t a r t  Command and Engine 
Cutoff Command agrees  wi th  t h e  t o t a l  
s t a g e  mass as determined by the  
S t a t i s t i c a l  Weighted Average mass 
de termina t ion  method 

Test Planning and Evaluat ion 

Those p r o p e l l a n t s  remaining a f t e r  a 
p r o p e l l a n t  dep le t ion  c u t o f f .  This  
inc ludes  t h e  p r o p e l l a n t s  i n  t h e  tank 
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TABLE AP 10-1 (Shee t  9 of 9) 
GLOSSARY AND ABBREVIATIONS 

ABBREVIATION TERM DEFINITION - 
-- Unusable p r o p e l l a n t  s below t h e  d e p l e t i o n  s e n s o r ,  p rope l -  

(Continued) l a n t s  i n  t h e  f e e d  d u c t ,  and t r a p p e d  
p r o p e l l a n t s .  It does n o t  i n c l u d e  
s e n s o r  l a g  t i m e  o r  t h e  p r o p e l l a n t  
consumed d u r i n g  e n g i n e  c u t o f f  b u t  does 
i n c l u d e  s e n s o r  t i m e  d e l a y  

V 

vE 

VAB 

vac 

vdc 

VHF 

VSWR 

W 

W S l l  

a 

a' 

a xm 

XY 
XP 
Y 1  
Y '  

u 
P 

-- 
-- 

Usable  r e s i d u a l s  

Umb i 1 i cal 

U l l a g e  r o c k e t  

P r o p e l l a n t s  i n  excess of t r a p p e d  
p r o p e l l a n t s  l e f t  onboard a s t a g e  a f t e r  
powered f l i g h t  has  been t e r m i n a t e d  by 
some s p e c i f i e d  c u t o f f  c r i t e r i a  

Volt  

E a r t h - f i x e d  v e l o c i t y  

I n e r t i a l  v e l o c i t y  

Vehic le  Assembly B u i l d i n g ,  KSC, F l o r i d a  

Vol tage ,  a l t e r n a t i n g  c u r r e n t  

Vol tage ,  d i r e c t  c u r r e n t  

Very h i g h  frequency 

Vol tage  s t a n d i n g  wave r a t i o  

Watt 

D e s i g n a t i o n  of DAC mass c h a r a c t e r i s t i c s  
comp u t  e r p r ogram 

Angle of  At tack  

T o t a l  Angle of A t t a c k  

Axial a c c e l e r a t i o n  

Yaw a t t i t u d e  command 

P i t c h  a t t i t u d e  command 

E a r t h  f i x e d  f l i g h t  p a t h  e l e v a t i o n  a n g l e  

I n e r t i a l  f l i g h t  p a t h  e l e v a t i o n  a n g l e  

I n e r t i a l  f l i g h t  p a t h  azimuth a n g l e  

Longi tude  

Geodet ic  l a t t i t u d e  
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The r e fe rences  used i n  t h i s  document are d iv ided  i n t o  t h r e e  genera l  

groups; those  i s sued  and maintained by the  Nat iona l  Aeronautics and 

Space Adminis t ra t ion,  those i s sued  and maintained by Douglas A i r c r a f t  
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(Tra jec tory  Document No. 66-FMP-10), Marshall  Space 

F l i g h t  Center,  Hun t sv i l l e ,  Alabama, dated June 28, 1966. 

ApoZ Zo/Saturn V Launch Mission RuZes, AS-502, (Prepared 

by K S C .  Document number and d a t e  of pub l i ca t ion  t o  be 
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De f i n i t i o n  of Saturn SA-502 FZight Sequence Program, 
I n t e r f a c e  c o n t r o l  document No. 40M33622A (prepared by 

Airborne Electrical  Systems Branch, As t r ion ic s  Labora- 

t o ry )  Marshall  Space F l i g h t  Center,  Hun t sv i l l e  , Alabama, 

da ted  May 13 ,  1966; and I n t e r f a c e  Revision n o t i c e s  

No. 1, 2, 3, 4, 5 ,  and 7 ,  da ted  August 4 ,  1967, and 

Revision A, dated February 15 ,  1967. 
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(7) "Saturn V AS-502 Projected Mass &aracteY'istics" (Memoran- 

dum), R-P&VE-VAW-66-40, Marshal l  Space F l i g h t  Center,  

Hun t sv i l l e ,  Alabama, da ted  Apr i l  27, 1966. 

( 8 )  Project Apollo Coordinate Stmdards Standard Coordinate 
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Space F l i g h t ) ,  Washington, D.C. ,  da ted  June, 1965. 

(9) MSFC S-IVB Stage Test  Infomation and Propulsion System 
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J u l y  7 ,  1966. 

b. DAC Documentation: 

(10) S-IVB-502 Stage End Item Test Plan, 1B63789B, Huntington 

Beach, C a l i f o r n i a ,  da ted  J u l y  26, 1966. 
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L i s t ,  1B43567N, Huntington Beach, C a l i f o r n i a ,  da ted  

August 19 ,  1966. 

(12) Doug Zas S-IVB Stage Data Acquisition Requirements Docwnent 
for  Saturn V Flights, DAC-56334 (prepared by Sa turn  Data 

Engineering Sec t ion ) ,  Huntington Beach, C a l i f o r n i a ,  dated 

June 15, 1966. 

(13) Contract End Item Detail Specification (Prime Equipment) 
Performance Design Requirements, CEI  No. 209006A, S-IVB 

Stage for use With the Saturn Vehicle SA-502, Huntington 

Beach, C a l i f o r n i a ,  da ted  December 1, 1965. 

(14) S-IVB-502 Stage F l i g h t  Evaulat ion Report, r e p o r t  No. 

SM 47005 (Date of pub l i ca t ion  t o  be determined).  

c. Boeing Documentation 

(15) Tracking and Telemetry Design Analysis for Apollo-Saturn V 

Flight AS-502, volume I, (Boeing document D5-15697-502), 

dated A p r i l  12,  1967. 
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